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SUMMARY

A photomotographic study was undertaken on 2396
atomic bomb survivors and nonexposed members of
the ABCC-JNIH . Adult Health Study at Hiroshima,
to determine the relation of Achilles tendon reflex
to aging and radiation. Normal subjects (2100)
ranged in age from 18 to 89 years. The remaining
subjects had either mild diabetes mellitus (117),
neuromuscular disorder (100), a histoery of thyroid
dysfunction (61), or others (18).

In normal subjects the Achilles tendon reflex time
increased significantly with age and was more
delayed in females. The mean tap-to-half relaxation
time in normal subjects was 290 T 40 milliseconds
(msec) in males and 321 t* 49 msec in females
(average age 46), which are similar to figures
reported  previously in Europe and the United
States. No statistically significant difference in
the reflex time was observed in relation to either
A-bomb exposure or obesity.

No significant difference in the mean reflex time
was observed between the normal subjects and the
groups with the diseases. In each disease group,
the reflex time appeared to increase with age, but
the increase was not found to be statistically
Areflexia was highly prevalent in
diabetics (22.4%), the frequency being especially

significant.

high among the aged of this group and of normal
subjects (3.2%) as well.
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AMOI00A), IR REORELE(LA), 201
(IBAMYOWTFhATH- 7.

EMMBREDT & L A BREEEEEIL, @2 LIHEE
TRIL, AMETCEFELYLBEL T, EXEHO
il 9 — Yoot AR 0 B 4 (12, T51E 290 +40 msec (P4
Ppd6iE ), ol 321 +49 msec (EHFRR46EE) THD, v
FETHAETRESNABRLEAMRTHS S, BB LU
MGt & EAER E oMk, RAMEEEIEL L
ol

EREWLRAHEOMIZIE, THRHEM-EELS
@B, BEEBHOLEEMIZMNBE &
CHMT 2k Th-24, ZoMisEim-gERE:
LOTRLdho k. EREFEERBERAN £ (22.4%),
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It was found that in using Achilles tendon reflex as
an aging test, the tap-to-half relaxation time was
more accurate and useful than the contraction or
half relaxation time. A brief discussion was made
concerning differences in the reflex time among
races and four cases with prolonged latency period
for the reflex.

INTRODUCTION

Many reports have been made of the Achilles
tendon reflex time in diseases of the thyroid
as well as in other merabolic, pathological, or
physiological conditions, 716 However, these
extra-thyroidal relationships are much less clear.
Among these, opinions are still divided on the
effect of age on the Achilles tendon reflex in
normal persons.1,3.5,7,10,13,16

The opportunity to observe possible relationships
between Achilles tendon reflex, aging, and roral
body irradiation is present in the ABCC scudy of
delayed radiarion effects of the A-bombs,!7

The present report describes the distribution of
Achilles tendon reflex times in 2396 subjects
among a closed population. [fforcs have been
made to correlate this with chronological age and
late radiation effects. Also. observarions are made
on thyroid diseases and diabetes mellitus and on
age correlations with absence of this reflex
{areflexia).

SAMPLIE

Medical examinations have been conducted by
ABCC on the survivors of the Hiroshima and
Nagasaki A-bombs of August 1945. The clinical
study population is composed chiefly of the Adult
Health Study sample (AHS), 17 who were selected on
the basis of a survey conducted ac the time of the
1950 Japanese National Census. In Hiroshima
this number is 13,719. This cohort, composed of
survivors and nonexposed subjects, is, therefore,
of a different nacure from patients seen at hospitals
and most clinies in that it is thought to be more
representative of the general population of the area.

Since 1958, this group has undergone regular
biennial complete physical examination. In
addition, chest XN-ray, electrocardiography (ECG),
anthropometric measurements, and a variety of
laboratory tests are performed.

Over a period of about 1 year (1964-65) Achilles
tendon reflex time was measured in 2396 subjects
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at the time of their clinical examination. However,
since the study sample is made up mostly of those
over age 30 years, 109 subjects (55 males and 54
females, age range 18-19) from the In Utero Exposed
Study sample (PESG)!7 were included in the reflex
study sample.

As shown in Table 1, the subjects, who were all
ambulatory, were divided largely into four groups:
thyroid diseases, diabetes mellitus, neuromuscular

considered to affect Achilles rtendon
and a group. The majority of
diagnoses had been established by the previous
biennial examinations, and the data on this sample
were analyzed afrer clinical diagnosis had been
independently established and coded.

diseases

reflex, normal

REGELLTHHD EOFEISKaTVEOT, B
AT AR RAERHESRE (PES)" 250
L09A (HBSA, ZHATEMITIE—19EK) 2+ &L &,

FLIZART L2, 2BBITTRELE»SHKD, ZhE
KOMSOEIZRBIL . Tabb, 7L ARSI
MEERIETLELSNSFMIRESL, MEMRELUTH
BEAELE, TV ERETHE. BIFO KEWG,
Do EMBRTHRIEATEY, ZoRBEIZMT 2
RO BITSERERZFAFh Fhitr s h, HEksh
ERiIzirg bk,

TABLE | ACHILLES TENDON REFLEX STUDY SAMPLE BY SEX & DISEASE

Fel THLABRMREIELSRE: Eile LU BN
Male # Female %
Disease Total
i Number Mean Range Number Mean Range i
Examined Age (Yo Examined Age (Yr)
By THEE FEMREE 1 He (R B DR e o e
*All Thyroid Disease PRI 5(4)% 48 32-61 S6(51)** 49 26-85 61{55)**
*Diabetes Mellitus 1 7 85 59 31-79 32 56 28-76 117
Neuromuscular Disease & 5 P & 53 52 18-78 47 56 26-75 100
Technical Failure H G 68 49-80 12 64 23-72 18
Normal E##H 702 46 18-83 1398 46 18-89 2100
Total &t 851 - - 1545 - - 2396

*One male & one female with ihyroid disease and diabetes mellilus.

HiRpE A & L UBMEHEET 3R 2T &0 1.

v* Buthyroid case in ( ); | male and 2 female byperihyroid; 0 male and 3 female hypothyroid.
(IOt U AR PR E TF 4 1R SRR AR D aE 12 B LRl 2, RARSHEETEIN S L4 3H.

Disease Subsamples

Glucose tolerance test was
administration of 1.75 g of
Blood sugar was

Diabetes Mellitus,
performed by oral
glucose per kg of body weight.
determined by a modification of the method of
Folin and Malmros.1®8 A 2-hour value of over
140 mg/100 ml was considered to be abnormal .19
In 117 diabetics, observation on fasting blood
sugar levels were as follows: not measured - 43
subjects; below 120 mg/100 ml - 53 subjects;
120-150mg/100ml - 16 subjects;lSO-ZDOmg/IDO ml -
3 subjects; and over 200 mg/100 ml - 2 subjects.
Duration of diabetes mellitus in this group was
Only eight subjects
In a sense this

generally less than 10 vears.
had diabetes more than 10 vears.
group could be considered as having mild diabetes,
a characteristic of this condition in _]aq:)an.zfJ

5 BRI & o 8

PERE. BRI, BElkglz o2& 7 F7H1.75g @
BOES kDT Eo7/. WHEZ Folin & & UF Malmros
DRI EDEIEL AT 20 M A7 140 mg 100 ml L)
BARLE LB 1 RS 117 #1125 1 5 28 [ A
BOBMEERIROLENTHE: lELEZD S E—
43¢, 120 mg ~ 100 ml i —530, 120 — 150 mg ~
100ml —16f1, 150 —200mg ~ 100 ml — 3, & LUF
200mg ~ 100 ml DL E— 2. ZoO# 0 5 HRR O R
B s 5O RI0ERBTH o 2. 0L EEELT
WhEBIEHTLPBHlIITE R A, COBIE, H3E
T, COEROBERIIFTARMTHELZAOE
EHEBRAELELLAZLOTHE- LY



Thyroid Diseases. In evaluating thyroid function,
the determinations of PBI%! and 113! triiodo-
thyronine resin uptake-“were used in addition to
physical findings. Of 61 subjects of the thyroid
group, 55 were euthyroid at the time of this study
(Table 1). Since males with thyroid disease were
very few, statistical analysis was nor performed.
Among 51 euthyroid females, there were 24 with
diffuse pgoiter, 21 with nodular goiter, 2 with
thyroid cancer, and 4 with thyroiditis. All of the
cases with thyroid cancer and thyroiditis were
being treared.

Neuromuscular  Diseases. The neuromuscular
disease group was assembled from those with the
following WHO Internarional Classification of
Diseases (1955 revision): disease of cencral
nervous system including cerebrovascular accident,
codes 330-334, 340-345, 350-357; syphilis 020-029;
poliomyelitis 080-081; and disease of musculo-
skeletal system 720-727, 730-738, 740-749. Among
100 subjects of this group, 58% had latent syphilis
(positive serology only). One subject had neuro-
syphilis. and is included in a group of technical
failure because of its unusual reflex pattern as
described later. The rest (42%) of the group had
only mild disease so thar they were also ambulatory.
Serious cases such as encephalitis or myoasthenia
gravis were not derecred in this sample.

METHOD OF MEEASUREMENT

Achilles tendon reflex was measured using the
Burdick FMI photomotograph designed by Gilson.1
The test was performed in the Electrocardiography
Room just after the subjects underwent routine
ECG recording. The examiners were uninformed
about the medical histories and diagnoses of the
subjects. The temperature in the Electrocardiogra-
phy Room was maintained at abour 23-25 C.

The subject was asked to kneel on a chair with his
back turned in such a manner that the middle of the
foor would partially obstruct the beam from the
photomotograph (Figure 1). Reinforcement was
performed by instruction to grip firmly the back of
the chair with both hands when the Achilles tendon
was tapped. The reflex movement that occurs when
the Achilles tendon is lightly tapped with the reflex
hammer is conveyed onto the photomorograph
reflector. The reflex is recorded on a tracing paper
of the electrocardiograph (speed 50 mm/sec and
scale 20 msec/mm) which is connected ww the
photomatograph.

Recording of Achilles tendon reflex time was made
on each leg. At least 10 reflexes were recorded

FikiREE. FIRIREEOmIZS 2o TIE, £5H%E
DAEAZ, BEE#G2 2R (PBL) L5118 | o4
AFFR=Y - LY VEMBEORE 1T h -2, B
IRBECLBI D 5 &, S6M 14 A= A0S |2 K IR Mk 2°IE T
ok (FEL). BEORRBIELREEbLTLHYT
HolOT, MAMBIFIIIT 2 b o s -2, BIRIG S
IER O LS, O £ AMEFRRIRIE 22400, #551ER
ARIGNE 122107, FRRIREHE 2F, RIRIRKIE 4T 5 -
P RN & LU E S AT 5 E A A ER LT
T wni.

A PIMERER. MIRF PR, Ko [EEER
(195 FEiTV s e h =R e T2 EH S Hbh i
WAL R (% (& S 330 — 334, 340 — 345, 350 —
357) & &P AR MR R IE L M (020 — 029 )5 IR 6
# (080 —081); M BRSRMEM (720 — 727, 730 —
738, TA0—749). ZOBWIZET A 100MHlD G L, 58%
iR Ey S -2 (M HRTEEo Rz ). 1HI
MEMGHETHY, Zhixmbok ) ZREHYENTR S
@, Wi ERMcgEn . ZOHOEY (42%) 11,
BRI SIITEL b0 T, BITIEAH
Tho7 WRELAERENFEO LI 2EEHIX, 0
HREIZIIRREN G - 7.
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TELAMESOBEL, Gilson @ #%E L 7 Burdick
FMI Photomotograph® # W T iT4 -7/, i, &
LEBEETESTERCRACOCEEMEECT S 4.
HITWE, ZREORBERIUZBHEERETH LA, L
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FIGURE 1 Technique of measuring the Achilles tendon reflex time with the photomatograph

connected to the electrocardingraph.

E1 LWELEEEL 2 Photomotograph |12 & & 7 % Lo 2 BEE S0 0 oo 2 ik,

consecutively and the four best tracings (2 from
the right and 2 from the left) were attached to the
record sheet. Of these, the arithmetical mean
value was recorded.

Using slide calipers a trained technician made
measurements to the nearest 0.05 mm. By this
method, muscle contraction time can be readily
measured, but because the end of relaxation time is
indistinct, the half relaxation time was recorded
(Figure 2).

Measurement of the Right and Left Leg. Fifty
normal females were selected to study differences
of the tap-to-half relaxation time between measure-
ments made from the right and left leg. The
average difference between the right and left leg

was 24 msec with a range of 2-65 msec. But in
70% of the subjects, the difference was within 15
msec. The wvariability of measurements for the

right leg averaged 23 msec with a range of 8-50
msec; and among the left leg tests, the average was
26 msec with a range of 14-48 msec. In keep-
ing with Nuttal’s recommendation! that a mean
value for both legs should be used because of the
differences between legs, we used an average value
for both legs in the present study.

Bobol- (EEEE 25 "o5F2) & TEEMAMKIIEY
it 7=, che oM ESE 4 EL .

BERL A HTEA 2 ¥ 2 & B T0.05m O THEE L
feo TOFBLZLAEHIGERIIEER 2MET & 35,
BAREF M OMES TRM T H 50T, Lobsek s o
Li(E2).

EEWMBAOBE. E# 520/ 2% 0, & 4amo
EREN B0 Sl — bR o E A dlE L L. A6
MO 2 —65 msee (2h A0, 2 OFHE{E L 24 meee
TH=72, LaL, #R8FBOTNG I cEWTIEEFDEE
15msee FiFfTH-7. GHOBE@RORMILSE —50msee
T, 2O msee 5 7 WO E G o) §E 7 |3 14— 48
msec T, FOEEEIX26msee TH-M. Wz 3EN
HA30T, MEAOPEHEEFHATS2THS L5 Nuttal
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SR times are the same (298 msec) in spite of a

variability of §P and PR.
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X
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FIGURE 2 Photomotographs. A; Normal Achilles tendon reflex. B. Shifting of the peak in the
same subjecti. C: A prolonged latency period in neurosyphilis.

[ 2 Photomotograph, A: EHMO 7H L 2AREH. B: M—HEHF b3 MNAnHBmH. C: wmitteH
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Double Peaks in the Reflex Curve. In some
tracings obtained with the photomotograph, clear
double peaks cannot be avoided in the area in the
tracing that separates contraction from relaxation.
This has been also confirmed by Kimura.2? The
initial peak is thought to be due to the contraction
of the gastrocnemius muscle and the second peak,
the soleus muscle.?23 The higher peak is generally
accepted as the point of separation of the contrac-
tion and relaxation phases. Sometimes, however,
the higher peak shifts berween the initial and
second peaks in the same individual. This leads
to greater variance of the contraction and half
relaxation times in measurements from the same
individual. But even in this sirtuation, the tap-to-
half relaxation time remains fairly constant (Figure
2) . In such cases, we used a mean value with the
initial and second peaks for determining the
contraction and half relaxation time. Chaney® has
documented a figure showing various curves of a
series of reflexes in a patient. He commented that
the toral reflex time remains practically the same
irrespective of the degree of stimulation. Double
peaks were never seen in the age group below 20.
Dut it seemed to be encountered more in the aged,
although the ratio of double peaks in relation to
age was not analyzed.

TR CE T B 218 58#%. Photomotograph (25T
Bohi-thHmo s30T IE, IUHEMEE T
A —o0WHLASFEPN 3L IEET s hk
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Ll — MR D EALE LT EYD—FELALD
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HEOTEEE AT, TS & O b RRalEL 2.
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Analysis of Delayed Radiation Effect. The
tentative estimated radiation dose (T65D)24 was
used in the present analysis for an estimate of the
amount of direct gamma plus neutron
received from the A-bombs. Indirect radiation,
from fallout or induced radiation was quite small
for most subjeces,??
this analysis.

radiation

and was disregarded in

RESULTS

Achilles Tendon Reflex Time in Normal Subjects.
Distribution of the tap-to-half relaxation time of the
normal group by sex is shown in Figure 3. The
resultant curves are a close approximation of the
theoretic bell-shaped curve for normal distribution
but with a slight skew to the right.

The mean cap-to-half relaxation time of npormal
subjects is shown in Table 2 by sex and 10-year
age group. In both males and females there is a
definite prolongation of the reflex time with age
(P <.01). The reflex time is shorter in males than
in females in all age groups (P < .001). Figures 4
and 5 show the results of regression analysis on
the conrraction time, half relaxation time and the
tap-to-half relaxadon time with age. [Fach shows a
clear linear correlation with age. By analysis of
variance, the slopes of the lines are highly signifi-
cantly different from zero (P < .01). For each pair
of lines the slopes are not significantly different.

ERMMIRV ORI, S ORECI, B L 2
BHEA w46 P ETFRRAEET 20 00 E M
SR (TEED )2 2 HwA, RSO B1n & T
SHERE R 2 2SR T £ B MR, A
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EXEHOT7 XL XABRAEM. @32, EREECH
A — AR M ORI G HE AR T, &5 haghiit
EW e m TN HHERNIIELN L Tw ey, &
AR LR T Vi

#F 2T, EXMETFOMS— 4ob B M T A MR
FULOREFEMTERICRLA, B biombickamy
HREBMOERELZT LA (P < 01). KAEMIE,
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TABLE 2 THE MEAN TAP-TO-HALF RELAXATION TIME BY SEX & AGE IN NORMAL SUBJECTS
# 2 R ORI — Jeoh g R T 1R B K UVERBY

Mean Tap-to-Half Relaxation § % — Y4 ql &8 14 B 7 9 (i

Age Male Female #
T i
Number Mean 8P Range Number Mean sD Range
Examined msec msec  mser Examined msec msec  msec
B A B iy i [ 2 H R iy e [
18-19 58 250 23 208-314 54 279 33 224-370
20-29 58 263 33 197-319 BT 295 34 224-377
30-39 169 275 31 205-388 273 g 42 208-478
40-49 97 204 34 213-371 289 324 45 211-484
50-59 121 304 36 232-421 260 332 5l 223-471
60-69 131 309 37 228-402 207 337 53 213-485
70+ 51 321 36 253-414 78 348 53 242-383
All ages ZF s 685 2590 40 197-435 1348 321 49 208-485

Range includes minimal & maximal vealues actually observed in different subjects.
areflexia are excluded.

LR RMs ARSI RS, BRI CoE» SBRAL L.
§D — Standard Deviation. SD ;iR 2,

The increase of the means with increasing age is statistically significant (P < .01} for each sex,
& the difference between males and females is significant (P < .001).

ERCEIETEROMMEB L L HHMHR(P< 01780, BAMoXLHEIP <.0011THE.

Cases with
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FIGURE 3 DISTRIBUTION OF TAP-TO-HALF RELAXATION TIMES OF NORMAL SUBJ ECTS BY SEX
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FIGURE 4 REGRESSION OF MEAN CONTRACTION & HALF RELAXATION TIMES
OF NORMAL SUBJECTS BY AGE & SEX
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FIGURE 5 REGRESSION OF MEAN TAP-TO-HALF RELAXATION TIMES OF NORMAL SUBJECTS
BY AGE & SEX
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In males the difference in the mean tap-to-half
relaxation time between the 18-19 age group and
the 70 or over age group is 71 msec, a prolongarion
of 28%. In females, the difference is 69 msec
(25% prolongation), which is nearly the same as
that in males. Therefore, although there is
difference in the mean reflex time by sex, it seems
that changes in reflex time progress at the same
rate in both males and females. This is also
evident in Figures 4 and 5 where the regression
lines for males and females are almost parallel.

Achilles Tendon Reflex Time in Various Diseases.
Table 3 compares the mean reflex times of contrac-
tion, half relaxation, and tap-to-half relaxarion in
the normal group with subjects having thyroid
diseases (clinically euthyroid), diabetes, and
neuromuscular diseases. Because of the higher
mean age of the disease groups in comparison with
the normal group as shown in Table 1, adjustment
for age has been made.

No difference in mean reflex time was nored
between the disease groups and the normal group.
The relation between age and reflex time was
examined by regression analysis for the different
disease groups (Appendix, Table 5). Only the

A5 55 63 75

Ape (yenars)
i o

BT, B-EOB LML LoOBLOMIZEITS
il i — Yool AR R R P O 2L Tl msee TH T, 28%
O EEFRT., T, Fo3ET69msec (25%4E )
T, BELIEIERLCTHSE, LidaT, BaBloRKs
MERFHEcEEH > TH, Bl b KMo MR
Rt CBRECER T L0 LEBbh s, T LI,
E4H5L05 CHETORRBHEITERTLTRII LA
ELEEHTHD.

EFEECISU37X L ARRASEME. #3113, PIRRE
SCESFR 12 I R IR B REIE ), #IRTE, £k U MR
MR EBO &ML EEMA & CH T 5, I, 4biE, &
UMM — Mo PHREERMOLEETRT, #1112
T L, ERHIEARTEAHOFHERIBVLO
T, EWmAEErIiTL L.

WAL EEBLoRHEHENoZ23BOshi b
o, BIEARBICOWTEM L KHEEERM S OME S BER AR
HiIZk> TR~ (8, £5). FOHERE, MEHRE



TABLE 3 AGE ADJUSTED MEANS OF CONTRACTION, HALF RELAXATION &
TAP-TO-HALF RELAXATION TIME IN VARIOUS GROUPS BY SEX

£3 AR B BN, I H & O — R0 AENE I O R R E T i
) alf Tap-to-
Contraction 2 : sapreo el
Relaxation Relaxation
Disease e P AL B — 4§
2 =
i Male Female Male Female Male Female
e i # % ) '3
msec msec msec msec msec msec
Thyroid Mean ‘P - 186 143 - 329
AR sD - 31 45 - 60
Range o8 ) 140-265 # 88-245 - 244-446
Diabetes Mellitus Mean 180 172 114 127 204 299
i 1R 4o SD 30 30 30 42 42 03
Range 127-250 122-263 78-216 72-216 223-421 2206437
Neuromuscular Disease Mean 171 186 114 133 284 320
i FE AT £ g A8 D 22 30 30 40 42 42
Range 139-243  142-256 68-195  B0-240 201-418  239-421
Normal Mean 173 180 117 140 280 521
L E sD 25 30 28 36 40 49
Range 110-268 123-288 65-271 66-277 197-435 208-485

Range includes minimal & maximal values actually observed in different subjects,

EHEEEsORBECEM LRI ELUVRAOME S &
SD — Standard Deviation SD |L 86 (R 2,

No statistically significant differences were found belween disedse group means and normal group means (N§ P> 1),
BATETEM L R ESMenMz &M c i EsE3BAsh e, (NS P > 1),

males in the neuromuscular disease group showed a
significant correlation of the half relaxation rtime
and the tap-to-half
(P < .01). The increase with age in subjects with
thyroid disease mellitus was

relaxation time with age

and diabetes not

staristically significant.
of

The

time three females

598 msec (age 54, MF
-i, 373 msec (age 34, MF ), and 366
msec (age 50, MF i, respectively. Odly the

first case had a prolongation exceeding +2 Standard

tap-to-half relaxacion

with hypothyroidism was

Deviation (SD).
to be controlled with desiccated thyroid. One male
with prior hyperthyroidism (age 60, MF )
showed a reflex time of 234 msec which was just
above —2 SD. One female (age 54, MF F‘a had
a value of 318 msec, and was well controlled with
treatment for hyperthyroidism. Another female (age
39, MF ‘ showed a value of 164 msec, a

shortening by more than —2 S

The latter two patients were found

Figure 6 shows the distribution in percentiles of
wcightzf‘ in the diabetic group and the normal group.

RARBOBMEDHIZ, Wi & & U g— Mot aE s
REEMEOM-EEEHEM(P<C .01)¥@EDS N
PRI IR e s L OB R AE LA 5 LA M k2
i3, M EELsLOTR Ao,

Bk A T O H S ot 3 5 ol % — Y5l 43w i
ik, ZhZh 598 msec (54i%, oA %é’ﬁifﬁ%—.a.
373msec (34i%, & BEHES , & L 1F 366 msec
(B0RE, 4 £iFHSB Thol, E1#IZOH
+2 8D (FE#FEE) L LEOEEZROL. b 26111,
BRIEEIZ LD Lo d RAZBRFTAbh TVWAZ L
Ahdof, DIATICBRBSEDTED S - 2 BIE1H
(60, B BHEES (3 T BT 0 11 Y
bz —2 SDLLETE . kL Bl (54i, HESH
it 5 | o vz 318 meee a2 w, Wik
IR LR T 3B L 3 RALITEbDAT W,
fle > ctd 145 (39:%, HABREFHRS JIZEWB T EE

# 164 msee THH, —2 SDL EnEHF»TL 2.

234 msee T,

M6, MERHERE EEMICST2REE T OO



FIGURE 6 COMPARISON OF WEIGHT PERCENTILE BETWEEN DIABETES MELLITUS
& NORMAL SUBJECTS BY SEX
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The body weight of the diabetic group is significant-
ly heavier than that of the normal group (males
P < .02, females P < .001).
difference in the mean rtap-to-half relaxation rtime
between the diabetic group and the normal group as
Table 3 thar
probably does not affect Achilles tendon reflex,

However, the lack of a

shown in suggests weight itself

Areflexia.  Table 4 shows the percentages of
areflexic subjects in normals and diabetics by sex
and age.
54 females (1.9%) of the thyroid group. In
neuromuscular group, areflexia was found in 4 out

of 53 males (7.5%) and in 4 out of 47 females(8.5%).

Only 1 case of areflexia was found among
the

the frequency of areflexia increased
The age of the areflexic
group was significanty higher than that of the
group with positive reflex in both sexes (P < .01).
Areflexia was not found in normal males under 30
years of age and in only 1.4% of the females of the
same’ age group. In both sexes the frequency of
areflexia appeared to increase abruptly beyond the
age of 50.

In normals,
with age in both sexes.

Areflexia was significantly more frequent in the
diabetic group than in the normal group in both
sexes (P < .01). Among the 98 cases (4.1%) of
areflexia in all of the subjects examined, 22 (22.4%)

11

o, WMEABOGESEEROZALINLERICE
WwW(R: P< 02, #v: P<.001). LAL, E3I1IRT
£z, IR & IENCRE & o f— e il R A N T e
CEMFGOC LR, FEZOLODEEZLLTHL AR
RE e RIFs sV EEREL TV 3.

mEGHE. #4113, EXHS L ORI E5 R
BHEEO A SR 2 S L ERICRT. BIRRTO &
PS4, EEGHEXH T I 1.9 %) 1236
DHTH -7, WEHRTTE, HFEHETHESM
AfA(7.5%), ZiE4arisich 4470 ( 8.5 %) 2880 5k,

EREHE#HTE, ERMHEORELT Ly FEHe L b2
HL 2, EEGEROERE, Bl EREHEOZ
NEVLEBUCE o2 (P < 01 ). HEESHEE 308 £
BOERBE IR, £, AEREED
ZETLhTA LA ENFROENSEIZTES
P MERGHENIEIT B L L 50N It B T A
Mt ELITHL.

ERAEDL BLLLEERIVLBRERBEOIES 2
Wilogdhom(P< 01), fiHEEESO®RKGERIT
03 (4.1 %) Thor=H, ZOHIEN2HTLHEL22.4%



TABLE 4 AREFLEXIA BY AGE & SEX IN DIABETICS AND IN NORMAL SUBJECTS
Fd WERORA S L UIERENIZ 505 R EREHH & OHERY

Male B Female %
Age
i Diabetes Mellitus Normal Diabetes Mellitus Normal
I ¥ i E#¥
0-29 0/116 051 2/ 143 (1.4%)
30-49 0/16 1/267 (0.4%) 0/ 9 15/ 677 (2.2%)
50-69 12/57 (21.1%) 10/262 (3.8%) 6/18 (33.3%) 29/ 496 (5.8%)
70+ 2/12 (16.7%) 6/ 57 (10.5%) 2/ 4 (50.0%) 4/ B2 (4.9%)

All ages ©FEM 14/85 (16.5%)

17/702 (2.4%)

8/32 (25.0%) 50/1398 (3.5%)

Areflexia/ Examined 5B 75 i

were diabetics. In males, areflexia was noted in 3
of 5 (60%) diabetes cases of 10 or more years’
duration, 3 of 28 (11%) cases of 5-9 years' duration,
and § of 52 (15%) cases of 0-4 years’ duration. In
female diaberics it was noted in 2 of 3 (67%) cases
of 10 or more years’ duration, 4 of 10 (40%) cases
of 5-9 years’ duration, and 2 of 19 (11%) cases of
0-4 years’ duration. Thus, the frequency of
areflexia was especially and significantly higher
among subjects with diabetes mellitus of 10 or
more years’ duration.

Radiation and Body Weight. In the AHS sample
normal group., multiple regression analysis was
made using age and the estimated dose of total
body irradiation as independent variables and the
contraction time, the half relaxation time, and the
tap-to-half relaxation time as dependent variables.
The in utero exposed sample (PESG) was analyzed
separately by using t-tests. No A-bomb exposure
effect was noted with any of these variables. The
mean tap-to-half relaxation time showed no signifi-
cant difference with radiation dose in males, being
290 msec with 0-39 rad, 289 msec with 40-89 rad,
and 287 msec with 90 rad or more for the AHS
sample, and 250 msec with 0-19 rad and 228 msec
with 20 rad or more for the PESG sample. No
significant difference was noted also in females,
being 312 msec wicth 0-39 rad, 311 msec with 40-89
rad, and 309 msec with 90 rad or more for the AHS
sample, and 280 msec with 0-19 rad and 278 msec
with 20 rad or more for the PEBG sample. The same
division inro radiation dose groups (0-39, 40-89,
and over 90 rad) as used for the AHS sample could
not be used for the PESG sample because of the
small number of subjects with high radiaton doses.

A similar multiple regression analysis was done on
the relation between age, obesity, and the reflex
time in the normal group, In evaluating the degree
of obesity, the percentiles of weight by age, sex,
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the ABCC
Hiroshima were used.20

and height for clinical population in
No effect of body weight
the half

time, or the tap-to-half relaxation

was noted on either the contraction time,
relaxation time.
The mean tap-to-half relaxation time was 291 msec
in males and 316 msec in females for subjects less
than the 25 percentile (slender), 290 msec in males
and 320 msec in females for the 25-75 percentile
(average weight) and 281 msec in males and 326
msec in females for more than the 75 percentile
{obese) significant
body weight difference.

with no differences between

Period.
the time from the hammer tap to the initiation of
contraction (Figure 2). was within the time of the
initial deflection, that is, hammer tap
within 5 mm (= 100 msec) for a chart speed of
50 mm/sec in all groups. However, among 18 cases
of technical failure in the present study,

Latency The latency period, defined as

artifact,

there are
4 cases with marked prolongation of the latency
period. Those were diagnosed as: syphilis of
mild poliomyelitis
hernia of intervertebral disc with

bifida (8 mm); and acute colitis of unknown etiology

central nervous system (14 mm):

(9 mm); sping

(13 mm). The normal reflexes were noted in the
o ite leg in cases_with poliomyelitis (MF

and colLt' i ).  But cases with
neurosyphilis herniated nucleus

pulposus (MF id not demonstrate reflexes

in the opposite legs.

The contraction phase in the normal
mediately the botrom of the initial deflection,
that is, a hammer tap arciface (Figure 2).
in the above four abnormal cases, there
definite plateaus between the initial deflection and
the starting point on the baseline producing a steep

begins im-
from
However,
were

upward slope for the pacient with neurosyphilis as
the latency
was

shown in Figure 2.
period, including the hammer tap artifact,
280 msec. The tap-to-half relaxation
554 msec, while the contraction phase (160 msec),
excluding latency period, and the half relaxation
(114 msec) were within the normal range.
Simpson et al have reported patients with neuro-
syphilis who have delayed relaxation phase. 27
However, in the case reported here, a prolonged

In this instance,

time was

time

latency period with normal relaxation was observed.

DISCUSSION

Chaney® was the first to record graphically the

delayed Achilles tendon reflex in myxedema
patients in 1924. Numerous papers on Achilles
tendon reflex have subsequently been published.

Very few reports have been made, however, on the
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subject of age specific normal values or the
correlation of Achilles tendon reflex time and
areflexia with age in normal individuals.

Reinfrank’ and Nordyke? have been the only

investigators to report on a large scale the normal

Achilles tendon reflex time by age for all age
groups.  They studied 400 normal subjects (age
groups: 3-15, 16-64, 65-76 years; mean tap-to-half

relaxation tme: 276, 317, 334 msec, respecrively)
and 893 euthyroid cases (age groups: 0-19, 20-39,
40-59, (0-79 years; mean tap-to-half relaxation:
294, 318, 322, 326 msec, respectively). Age
relationship was not commented on by Lawson® in
his series of 2995 normal subjects. Only one
report on Achilles tendon reflex in normal children
could be found?

(age group: 4-8 years; mean
tap-to-half relaxation: 258 msec in Caucasian,
253 msec in non-Caucasian; and age group: 9-13

years; mean tap-to-half relaxadon: 272 msec in
Caucasian, 260 mseec in non-Caucasian), With
regard to the frequency of areflexia by age,

Ellenberg?® noted a total of only 3 instances in 200
subjects in the 20-60 year age group and a similar
number who were 65 or over. Nishiki?? reported, in
Japan, on age-reflex relationships in 385 normal
subjects. He described prolongation of the tap-to-
half relaxation dme in persons aged 40 years or
less than 39, 40-59, more than
283, 322,

more (age groups:
60 vears; mean tap-to-hall relaxation:
316 msec).

All of these authors except Ellenberg and lawson
noted a correlation between Achilles tendon reflex
time and age. Our results also show a definite
pralongation of Achilles tendon reflex time with age.

Other workers, however, have not observed a
correlation between Achilles tendon reflex time and
age.1,10,13,16  Achilles tendon reflex time is said
to be correlated with the results of thyroid function
tests such as PRI and 24-hour 1131 yprake. 1415
In addition, it has been pointed out by Nurtal,!
Nuki,? and others? that Achilles tendon reflex is

affected by various extra-thyroid factors such as

drugs, exercise, temperature, blood glucose,
hypokalemia, normal  puerperium, sarcoidosis,
neurosyphilis, pernicious anemia, sprue, myo-

asthenia schizophrenia, in addition to
diabetes mellitus. Our results show a statistically

significant correlation between age and Achilles

gravis,

tendon reflex time in normal subjects. However,
for the diabetic, the treated thyroid disease, and
the female neuromuscular disease groups, the

increase of Achilles tendon reflex time observed
with respect to age was not statistically significanc.
This may have been due to the smaller numbers of

subjects; because the reflex time does not, in facr,
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increase with age; or, because an age effect is
occluded by thyroid and extra-thyroid effects. The
mean reflex times in these groups did not differ
greatly from normal subjects.

According to Nuttal,! the S-P time with the Kinemo-
meter in pacients with hyperthyroidism and hypo-
thyroidism was on the average shortened 22% and
prolonged 78%, respectively, as compared with the
normal value. The S-P time used by Nutrall seems
to be the same as the tap-to-half relaxation time in
our study. On the other hand, Rives,!! using the
mean contraction time in normal subjects T 28D as
the nommal limits, reported that 78% of patients
with hyperthyroidism and 38% with hypothyroidism
would fall within normal limits. By our results
with the photomotograph, the change occurring in
the mean tap-to-half relaxation time between normal
subjects in the 18-20 year age group and the 70 or
over age group, was 71 msec in males (28%) and
69 msec (25%) in females. Therefore,
the diagnostic accuracy in thyroid diseases. it
would be desirable to use the normal mean reflex
times for the age groups separately as indices for
the evaluation of the Achilles tendon reflex time.
There is a special need to consider age in mild
forms of thyroid disease. However, in severe
thyroid disease this may not be necessary since
there would be little overlap with the normal values.

to increase

With respect to the reflex and thyroid function,
there remains absence of agreement in thar some
have emphasized the contraction
time12 and others have noted that the relaxation
phase is the more affected.!? This has never
received adequate explanation. Only Kimura
utilizing a strain gauge?? and Chaney (electro-
magnetic method®) have documented a shifting of
the peaks of reflex curves in the same person. This
phenomenon leads to a variability of the contraction
and half relaxation time in measurements among
different persons as well as in the same individual.
However, it does not affect the tap-to-half relaxa-
tion time. Therefore, it would appear thar the tap-
to-half relaxation rtime improves significantly the
value of the te st.

investigators

Some reports describe a significant prolongation of
the mean Achilles tendon reflex time in diabetes
mellitus. 3% grosnick3! found no difference in
the mean reflex time of diabetics as a group but
demonstrated significantly greater average reflex
time among those having diabetes for more than
10 years than among those 10 years or less. It is
very interesting that areflexia is found with high
frequency even in such a mild diabetic group as
in our study. Nuttal! reporced that among 42 cases
of areflexia found in his series, 25 subjects (59%)
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were diabetic.  Krosnick 3! found areflexia in 5.1%
of the nondiabetics and in 31% of the diabetics.
According to Reinfrank,? areflexia was noted in
162 (15%) of his toral sample and 126 (78%) of them
showed unequivocal chemical evidence of diabetes
mellitus.  Also, in one Japanese hospital study,
areflexia was more frequent in diabetics (male
38.3%, female 39.5%) than in the normal control
(sex combined 10.87%)3% [n our study, 22(22.4%)
out of a total of 98 cases (4.1% of the total sample)
of areflexia were diabetic.

Areflexia in one leg or reduced Achilles reflex was
noted in thyroid diseases! in which a direct
effect of thyroid hormone on Achilles tendon is
known.12:15 |n diabetes mellitus in which areflexia
is frequent, peripheral neuropathy or a defect in
the neural reflex arc may be of greater importance.
However, in cases where diabetes mellitus is
associated with hypothyroidism, it is expected thac
Achilles tendon reflex would be greatly prolonged.
Thus, it seems important to examine blood sugar
whenever areflexia is clinically noted and this may
be an aid in the detection of diabetes mellitus.
Thus, our findings support a proposal by Krosnick31
and Ellenberg2® that recording of the Achilles
tendon reflex may be considered in screening for
diabetes mellitus.

Nuttal! and Reinfrank?® reported that reflex time is
longer in females than in males. Our findings
showed the same. Abraham,!® however, observed
no difference in Achilles tendon reflex between
sexes. The cause of this discrepancy is unknown.

According to Nordyke,”7 the tap-to-half relaxacion
time of the Japanese is shorter than that of
Caucasians by 14 msec. In pediatric groups,
Katz? reported that the reflex time of a group of
subjects including Negroes, Filipinos, ] apanese,
and Chinese was slightly shorter than cthat of
Caucasians. OQur results show the mean tap-to-half
relaxation time of normal subjects was 290 msec in
males and 321 msec in females. These values do
not differ greatly from those reported by other
researchers in other countries (sex combined:
289 msec — 339 msm:),1'3"5!?-]']’15'29“:'“l in spite
of differences of race and instrument used.

It has been noted that Americans are considerably
heavier than Japanese at all ages.?2  Since the
reflex time in our study is nearly the same as that
reported by FEuropean and American researchers,
body weight itself probably does not affect reflex
time very much. Actually, Burt?? reporced only a
slight statistical difference in Achilles tendon
reflex time with excessive body weight. Others,?
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like also observed no

body weight.

us, relationship with

An  increased rate of microcephaly and mental
recardation has been noted among the 1st trimester
in utero subjects of Hiroshima and Nagasaki, who
were exposed to the A-bomb within 1500 m from the
hypocenter. 34 This is suggestive of a radiation
effect on the central nervous system of the ferus.
On the other hand, in adult Hiroshima A-bomb
survivors, Hollingsworth?® found no relation to
radiation in various neuromuscular tests for aging.
Our Achilles tendon reflex test is influenced by
factors as mentioned no
correlation with radiation was found in the in utero

various earlier, but

exposed or adulr survivors.

Finally, it seems that Achilles tendon reflex may
be useful in evaluating one of the many aspects of
aging. Combined with other aging tests, it would
be feasible as a means of making future aging
evaluation more meaningful.
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APPENDIX: MEAN REFLEX TIMES BY AGE, SEX, & DISEASE CATEGORY
53 : Fih, MH L CRBEAIC & THR AR

were
male

Linear regressions of reflex times on age
computed for the various disease categories,
and females separate.
for the male thyroid disease data since there were
only four such subjects. In the thyroid disease,
diabetes mellitus, and neuromuscular disease
categories, the only significant relationships with
for

No compurations were made

age found were males in the neuromuscular
disease category for half relaxation and rap-ro-half
relaxation times (P <.01l). In the normal category,
all six possible groups were highly significantly
(P<.01) related with age (Age adjusred means were

computed from the linear regressions).
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TABLE 5 MEAN CONTRACTION TIME BY AGE, SEX, & DISEASE
#=5 PHAFREM : TR - 1% - EAR

Male B Female %
Age
o Thyreid Diabetes Neuromuscular i Thyroid Diabetes Neuromuscular
i Disease Mellitus Disease Normal  pisease Mellitus Disease Normal
FiRfRm L HiRS TERMEL IE % FIRIRER W EM P 7% 7R P 952 A8, Ex
0-19 Examined T b 7 24 58 54
Mean (msec) F¥HE - = - 157 - - - 169
SD 15 24
20-29 Examined 5 58 3 87
Mean - S 167 160 = = 167 169
SD 6 19 7 21
30-39 Examined 8 7 169 13 5 4 373
Mean = 176 las 165 181 164 177 175
5D 19 11 24 25 38 3s 25
40-49 Examined 8 6 97 12 4 7 289
Mean - 164 175 176 196 171 185 184
5D 19 18 25 40 14 38 31
50-59 Examined 20 16 121 15 6 12 260
Mean # 196 169 179 183 185 202 183
sD 3l 19 25 3l 27 29 3l
60-69 Examined 25 12 131 7 G 16 207
Mean - 179 180 178 182 176 190 187
sD 29 23 24 26 14 29 33
70+  Examined 10 5 51 3 4 78
Mean - 193 196 191 212 « 206 190
SD 33 39 28 32 27 34
Ape adjusted mean
S B T 2 180 171 173 186 172 186 180
SD " 30 22 25 31 30 30 30

Means for cells with less than 3 subjects are not shown, 3EFEO FHRBRM AT 20
SD = Standard deviation S ¥k R %



TABLE 6 MEAN HALF-RELAXATION TIME BY AGE, SEX, & DISEASE

#6 MR R EM - 1 - EAE
Male % Female
Age
= Thyreid Diabetes Neuromuscular S Thyroid Diabetes Neuromuscular 1
Disease Mellitus Disease S Disease Mellitus Disease Nosma

R e  HE R R E® ORI AEA B H il & 1T 7 R AR E%
0-19 Examined B ] 42 58 54
Mean (msec) TFHfi - - - 93 - - 110
SD 18 23
20-29  Examined 5 58 3 a7
Mean ] 97 103 » = 96 126
sD 24 28 23 30
30-39 Examined 7 169 13 5 4 373
Mean 115 103 109 135 115 142 133
sD 27 26 21 21 46 23 31
40-49 Examined (il 97 12 4 7 289
Mean - 112 118 119 130 133 141 140
50 21 11 23 33 18 38 31
50-59 Examined 20 16 21 15 6 12 260
Mean - 115 123 25 158 134 143 149
5D A2 32 27 66 48 34 42
60-69  Examined 25 12 131 7 G 16 207
Mean 125 129 131 169 151 13:." 150
5D 27 28 30 33 48 50 36
70+  Examined 10 ] 51 3 4 78
Mean - 136 143 129 132 % 141 158
SD 42 i1 31 43 45 34

Age adjusted mean
T 114 114 117 143 127 133 140
SD 30 30 28 45 42 40 36

Means for cells with less than 3 subjects are not shoun.
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TABLE 7 MEAN TAP-TO-HALF RELAXATION TIME BY AGE, SEX, & DISEASE
7 AW T AREERN TR A B - M - AR

Male B ' Female it
Ape
. Thyroid Diabetes Neuromuscular Thyroid Diabetes Newromuscular
s Disease Mellitus Disease Normal Disease Mellitus Disease Normal
BRMHBS WES R R iE# Rikmss WES PR I PR A EX
0-19 Examined 1 i) B 58 54
Mean (msec) TEI - - - 250 - - . 279
sD 23 33
20-29 Examined 5 58 87
Mean - - 264 263 - 5 263 295
S 21 35 26 34
30-39 Examined 8 7 169 13 5 4 373
Mean - 291 268 275 3le 278 318 308
sD 30 3l 31 32 76 34 42
40-49 Examined 8 [0 97 12 [ 7 289
Mean - 277 293 294 326 303 326 324
sSD 28 19 34 59 27 41 45
50-59 Examined 20 16 121 15 6 12 260
Mean ¥ 311 292 304 340 319 344 332
sD 48 42 36 86 G5 30 51
60-69 Examined 25 12 131 7 6 16 207
Meap i 304 309 309 351 327 327 337
5D 39 35 39 50 59 44 53
70+  Examined 10 5 51 3 4 78
Mean = 328 339 321 344 ] 348 348
sD 40 51 36 45 47 53
Age adjusted mean
I i 1) 0 T # f 294 284 290 32% 299 320 321
SD 42 42 40 60 63 42 49

Means for cells with less than 3 subjects are not shoun. 3 &ilie) PRI M E LT E v,
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