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ABSTRACT 

Means for an improved standardization of the static and 

disintegration equipment are  discussed and dynamic design of 

tighter compendia1 specifications a re  suggested. 

INTRODUCTION 

The most common techniques for the disintegration test 

of tablets, coated tablets, and capsules are those described 

in USP XVIII (1) and BP 1973 (2): the specimen to be tested 

is contained in closed at 

its bottom by a wire cloth and is periodically moved up and 

down through a liquid medium; the disappearance of larger 

particles from the wire cloth is taken as  criterion of the 

completeness of disintegration. Similar methods are used in 

the compendia of e.g. Germany, Japan and Switzerland. 

a vertical cylindrical tube which is 
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288 LANGENBUCHER 

In an extension of the test, the same apparatus is pro- 

posed by N F  XI11 (3) for the control of drug release. Although 

this is now considered by many experts to be a "misuse", it 

has become common practice, particularly for slow-release 

products. In this application several cases have been observed 

in our company, where results obtained in different laborator- 

ies were not reproducible. It was found that equipment made 

by different manufacturers, although consistent with the comp- 

endial requirements, showed significant deviations in essent- 

ial parameters.One consequence was to generally abandon this 

technique in the future,in favor of a more standardized dissol- 

ution-sate method. However, it is anticipated that similar prob- 

lems may also arise in more critical cases of disintegration 

control which could be overcome by more definitive method 

specifications. 

METHOD PARAMETERS IN USP AND BP 

The most important mechanical feature of the test is the 

agitation caused by the liquid flow through the tubes. Unfortu- 

nately the compendia have chosen a hydrodynamical system in 

which the flow is not defined directly (like the forced flow 

achieved by a volumetric pump)but is governed by the kinetics 

of the periodic motion 

metric dimensions (tubes, vessel, mounting rack, etc.). The 

volume of liquid displaced periodically by the diving tube is 

free to distribute between the lumen of the tube and the gap 
between tube and vessel. With the USP design, even the 

distribution between the six tubes is free aqd may be affected 

by small deviations in geometry. A s  a consequence, we have 

together with a large number of geo- 
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DISINTEGRATION TEST STANDARDS 289 

observed differences between 0 and 30 mm for the liquid lev- 

els within and around the tubes, during operation. For  one 

single USP apparatus, level differences of more than 10 mm 
were found between the 6 tubes, due to loose or ill-centered 

support of the assembly. 

With particular reference to the specifications in USP 

and BP, Fig. 1 shows the relevant dimensions, coded by 

letters 5 through 2 the numerical values of which are  sum- 

I 
I I 

S0mm 
rc9l.J I I 

FIGURE 1 

- k  L 

Scale drawing of vessel and basket-rack assembly used in 
USP (left) and of vessel and tube described in BP (right). 
For actual dimensions see text and Table 1. 
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290 LANGENBUCHER 

marized in Table 1. The compilation immediately reveals 

several weak points. Sometimes, the specifications generate 

unnecessary critical borderline situations in which small devi- 

ations have a large influence on the result (e.8. the small 

gap between vessel and rack-assembly in USP). In other 

cases, primary manufacturing dimensions are  not given direct- 

ly but must be deduced from secondary quantities (e.g. the 

motion amplitude from the liquid level, in BPI. Even critical 

dimensions are  specified unreasonably wide, as  "approximate- 

ly", "about", or without limits. Important characteristics such 

as the motion profile or the vessel diameter are  not mentioned 

at all. 

In Table 1, suggestions for stricter specifications are  

presented which by themselves do not alter the actual features 

of the test but a re  expected to improve the inter-laboratory 

reproducibility. Comments on these proposals are  given in the 

following paragraphs. A s  a general rule, tolerances are  set 

forth as  strict as  is achievable without drastic increase in 

manufacturing expenditure. 

Temperature 
0 37.0 seems to be a good choice; however, in view of 

the influence of temperature on kinetic phenomena, it is desi- 

rable to narrow the limits to 2 0.5 . With modern laboratory 

equipment this will be no problem as  long as the following 

points a re  observed: the surrounding water bath be well st ir-  

red; the vessel be immersed sufficiently deep and be closed 

0 

TABLE 1 (next page) 

Actual specifications used in the USP and BP disintegration 
methods, and suggested modifications. Code letters refer to 
Fig, 1. A l l  geometrical dimensions a re  given in mm. 
Unspecified quantities enclosed in [ I  . 
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292 LANGENBUCHER 

by a heat-insulating cover (this also prevents evaporation 

which otherwise may become significant in prolonged tests); 

finally enough time be permitted for reaching temperature 

equilibrium. On the other hand a specification of 0. 1 (as  

was proposed for the dissolution-rate test in the European 

Pharmacopoeia) would be unrealistic. 

Frequency and Amplitude of Motion 

0 

30 strokes/min are  required, with a tolerance corres- 

ponding to ? 6 . 7  '% in USP and unspecified in BP. A limitat- 

ion within ? l/min would be meaningful and is easily achieved 

by proper selection of a suitable electrical drive with gear 

reduction. The amplitude should be stated intentionally, with 

l i m i t s  of ? 0.5 o r  1.0 mm, and not deduced indirectly from 

tube length and liquid level (as in BPI. 

Time Profile of Motion 

Although of significant importance, this parameter is not 

mentioned at all (USP) or  rather vaguely defined as  "in a uni- 

form manner'' (BP). This would not exclude exotic profiles 

such as  ramp or rectangular functions, but common drive 

mechanisms use a uniform rotation of an excenter which ge- 

nerates the periodic up-and-down motion of the pickup system 

(basket or rack-assembly), see Fig. 2. The resulting time 

profile is either a m s  or  a crankshaft function, examples of 

which are  shown in Fig. 3 and Table 2. The sinus profile is 

advantageous in that it is defined by one single parameter,the 

amplitude 1 1 2 ~ ;  in addition it shows better mechanical perfor- 

mance. On the other hand, most commercial apparatus seem 

to employ a circular-cam drive such as  case B in Fig. 2, 

which gives a crankshaft profile. It must be left open which of 

the two possibilities is more promising for future development 

Details of the drive kinetics are  presented in the APPENDIX. 

2 
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DISINTEGRATION TEST STANDARDS 2 93 

FIGURE 2 

Drive mechanisms used in disintegration apparatus. The 
originally vertical displacement is shown along the horiz- 
ontal x axis. Arrows indicate the total amplitude. 

- A: Sinus drives with small (A11 or large (A2) excenter roll. 
B: Crankshaft drives as realized by crank OP and connect- 

ing rod PQ (B1). or with excentric circular cam PRand 
pickup roll QR (B2). 

- 

0 center of rotation and origin of the (x,y) 
coordinate system 

y phase angle of rotation 
P excenter mid-point with radius OP  = p, 

rotating with uniform speed on pivot 0 
Q reference point of the pickup system 
S auxiliary point with displacement equal 

to excenter midpoint P 
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2 94 LANGENBUCHEX 

FIGURE 3 

Motion profiles of USP disintegration apparatus. 
Numerical paramet3r values are given in Table 2; all 
amplitudes are normalized to  2p = 100. - a: sinus profile according to eq.(ba) - b and d: crankshaft profiles according to eq.(6b) 

- e: hypothetical borderline case of eq. (8)  

TABLE 2 

Geometrical characteristics of typical USP disintegration 
apparatus. Al l  dimensions are expressed in mm. 
Code letters 2 through 5 correspond with Fig. 3 .  

A1 g2 6 2  92 
drive mechanism (aacording t o  f ig.2)  

excant r ic l ty ,  p 25.0 27.0 25 21 27.5 
amplitude, 1 22 50.0 54.0 50 54 55.0 
d i a m t i r  of c l r c u l r r  cam, q - 41 55 35 27.5 
d l a m t r r  o f  pickup roll, r - 9.5 9.5 1 0 
:rankshaft paramtar ,  u - 50.5 64.5 35 27.5 
distance screen t o  bottor ,  m 25 20 7 - - 
rack diameter, e 92 90 96 ? - 
inner tube diaaater ,  b 22.0 21.0 20-23 ? 
outer tube d i a w t e r ,  c 26.0 25.0 25.0 a - 
- a: 3 Sotax AG, Basel - b: Tablettenrerfall-Prfgirat 1968. former J.R.Gelgy AG, Basel - c: 273. former ClBA A& Bas01 - d: I. Vanderkaro, Orange, N.J., (model before 1960) 
- 8 :  hypothetical borderl lnr  case o f  eq.(B) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DISINTEGRATION TEST STANDARDS 295 

Number of Tubes and Specimens 

Primarily, this is a statistical point and beyond the 

scope of this paper. It should be noted however, that with a 

similar total number of specimens USP all- 

ows observation of all  units individually, whereas only the 

slowest one is accounted for in BP. On the other hand, the 

USP design is more laborous; additional care is necessary to 

ensure identical conditions for all six units, 

well-centered support for the rack-assembly is required. 

Tube Dimensions and Material 

(6 instead of 5) 

and a rigid and 

The tube dimensions ought to be specified in a logical 

sequence and according to their importance: first and with 

highest precision the inner diameter, followed by the outer 

diameter 
and must not be specified). It is not necessary to restrict the 

material to glass, since Perspex or similar plastics may be 

equally useful or even advantageous. On the other hand, glass- 

ware cylinders are also available with satisfactory precision 

(e. g. cylinders for interchangeable syringes). 

W i r e  Cloth 

(the wall thickness is defined by the two diameters 

The bottom wire cloth acts as  the gauge for the judg- 

ment of disintegration but, at the same time, influences the 

flow of liquid through the tube. For  optimum standardization, 

specification of the clear opening and the wire diameter in 

metric units is preferable to reference to industrial standard 

series of limited accessibility. The sieve support should be 
more strictly described, particularly with respect to the all- 

owed alteration of the inner and outer areas. 

Vessel and Rack Dimensions 

The vessel diameter should be specified explicitly, also 

rack- 

per unit, as compared 
in the USP method. 

assembly has an area of only 2.5  cm 

Here, .the gap between vessel and 
2 
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2 96 LANGENBUCHER 

with 3 .6  cm2 for the lumen of each tube. Hence the actual 

flow is more critically affected by the gap than the lumen. 

Note that a 1 mm deviation in the diameters of vessel and rack 

is equivalent to a 20 percent variation of the gap area and that 

ordinary glassware such as  1-liter beakers usually show var- 

iations at least of this size. In actual apparatus, rack diamet- 

e r s  of 90, 92, and even 96 mm have been found! For ease of 

manufacture the holes in the plate should fit to the tubes (in 

the present description the holes are  24 mm but the tube dia- 

meter is 25.5 mm nominally). 

Liquid Volume and Level 

Neither of them is now explicitly specified in the comp- 

endia. The BP system of correlating the relevant parameters 

(tube length, liquid level, and motion amplitude) is highly ab- 

stract and also involves two critical situations at the end 

points ("at the highest position the gauze just breaks the su r -  

face of the water" and 

of the basket just remains clear of water"). 

ions are given in USP and, from the characterization of the 

end points, the tablets .are clearly supposed to be submersed 

throughout the motion. 

"at the lowest position the upper rim 

Better instruct- 

For improved standards and ease of handling the relevant 

parameters should be specified in their logical sequence:motion 

amplitude, vessel diameter, minimum distance between bottom 

and wire cloth, and liquid level or volume. The critical end- 

point conditions should be generally abandoned. 

Guided Disks 

Devices to prevent floating and/or stimulate the mechan- 

ical agitation on top of the specimen a re  used in all compend- 

ial methods. Their usefulness is not questioned here, but it 

should be kept in mind that they have an extreme influence on 

disintegration as well a s  release and should therefore be care- 
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DISINTEGRATION TEST STANDARDS 297 

fully standardized. A better discription of the USP guided disks 

is found in the Japanese pharmacopoeia (4). 

CONCLUSIONS 

With the improved standards suggested above, it should 

be possible to achieve worldwide reproducibility also in crit- 

ical situations. It should however, be realized that the pres- 

ent methods suffer principally from two weak points: their 

design is complicated in that too many significant parameters 

have to be standardized, and the non-forced flow in these sy- 
stems is too easily affected by small variations in geometry. 

A forced-flow method would avoid these problems and be ad- 

vantageous for all testing of disintegration and dissolution: 

either in the form of a periodic forth-and-back flow as in the 

"Wechseldruck" method (5) or  a s  the (uniform or pulsating) 

forward flow of the various "column" methods (6-9). 

APPENDIX 

With the notation shown in Fig.2. the coordinates of the 

pivoting excenter are  given by 

x * 0s = p cosy ( l a )  P 
yp = SP = p sin9 (1b) 

where p is the excentricity OP. 

ion, either a constant distance PQ or a variable SQ is added 

to x 

Case A: Sinus Motion 

Depending on the construct- 

to give the total displacement x 
P Q of the pickup. 

A circular roll (ball bearing) is pivoted such that its 

center point P describes a circle of radius OP = p. The roll 

radius PQ = q may be smaller (case A ) or larger (case A ) 1 2 
than the excentricity p. In any phase of the motion the plain 
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298 LANGENBUCHER 

foot of the pickup touches the outermost point Q of the roll, 

hence 

= 0s + PQ = p c o s y +  q 
XQ 

This is a sinus profile with amplitude 2p, maximum displace- 
0 0 

ment (q+p) at ' p = O  , and minimum displacement (q-p) a t  180 . 
Case B: Crankshaft Motion 

This can be achieved in two different ways which a r e  

kinetically identical. In case B1, a crank OP of length p is 

pivoted around 0 and is connected to the rod PQ of length u; 

the free end of the connecting rod is fixed to the pickup in 

point Q. In the alternative, B2, a circular cam is pivoted as 

in case A; however, a pickup roll  with radius QR = r moves 

along the x axis and touches the cam in a point R situated 

on the line PQ connecting tbe mid-points. In both cases the 

triangle PSQ is rectangular- which gives 

2 2 
SP + Sg = PQ2 

or 

SQ = v n  ( 3 )  

The distance PQ is given either by the length u of the 
connecting rod o r  the sum of the radii (q+r), hence all formul- 

ae derived for B apply likewise for B if the parameter u is 

replaced by (q+r). The individual size of q and r is kinetically 

irrelevant and may be defined from mechanical points. F rom 

Fig. 2, the total displacement of Q is 

1 2 

xQ = 0s + SQ (4) 

and, by substituion from eqs. ( la) ,  (3) ,  and ( l b )  

xQ = 'OS + v- (5 )  

This  motion again is periodic with amplitude 2p, but the prof- 

ile is "distorted" by the t e rm under the root: as seen from 

Fig. 3 one, the upper inflection is more abrupt than the lower 
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0 The maximum displacement of Q is (p+u) at 0 and the minim- 

um is (u-p) at 180 . 
Special cases 

0 

For  the further discussion i t  is convenient to use a trans- 

formed coordinate 

- x (180') SQ "Q Q 
in which the minimum displacement at 180' is set to zero. 

When applied to eqs.(2) and (5) this gives 

P( l+cos y)  - sinus ( 6 4  

p(l+cosy) + v- - u crankshaft (6b) 
f Q =  [ 

If in eq.(6b) the quantity u (or the corresponding sum q+r) is 

large in relation to p, the square-root term approaches u and 

eq. (6b) reduces to the simple sinus form of eq. (6a). 

If in case B2 the pickup roll degenerates to a sharp edge, 

a s  in example d of Table 2 and Fig.3. then n O  and the mot- 

ion is described by eq.(6b) with u being replaced by q. 

In a borderline situation of B the pivot 0 may be local- 

ized on the circumference of the cam. This give q = p and 
2 '  

(7) 
2 

p cosy + V(p+rl2 -(p siny)  - r kQ 
If, in addition, the pickup radius r vanishes, eq.(7) is further 

reduced to 

k Q  = p c o s y +  $- 
y<90° o r  y>27Oo 

90'4 4270' 

This case is shown as e in Fig. 3 and Table 2. 

With the cam drive B2, any desired motion profile can 

be realized by use of an appropriate cam profile. In particular 

is a pure sinus motion obtained if the roll radius r is small 

and the cam profile obeys the equation of a cardioid or 

"PascaI" curve 
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q(y) = s + p(l+cosy) (9 )  

Figure 4 shows examples of this cam profile, for a common 

amplitude 2p = 100, and with numerical values of 50, 75 ,  and 

100 for the parameter s. Note that the size of s is kinetically 

irrelevant in that is gives a constant contribution to the over- 

all displacement $ all  three cams give the same motion and 

s may be chosen freely from mechanical considerations. 
Q; 

Y t 

FIGURE 4 

Cardioid cam profiles generating a sinus motion with 
amplitude 2pr100. Drive mechanism of type B2 with 
infinitely small pickup roll, according to eq. (9). 
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