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Abstract

In medicated implant manufacturing, quality control must do more than confirm
dimensional conformity. It must help protect the integrity of the delivered unit. This
raises a practical technical question: when assessing implant quality, which physical
attribute is the more defensible primary control for dose integrity, implant length or
implant weight?

This paper argues that length and weight are not interchangeable controls. Length
measures one geometric dimension. Weight measures the total quantity of
finished material present in the unit. For products intended to deliver a defined
amount of formulated material and active substance per implant, weight is usually
the more relevant primary physical indicator of dose integrity, while length is better
treated as a supporting dimensional attribute unless a manufacturer has
demonstrated that length is a reliable surrogate within a tightly controlled process.

This conclusion is consistent with modern pharmaceutical development principles,
which require control strategies to be based on critical quality attributes, process
understanding, and scientific justification. It is also directionally aligned with
pharmacopoeial treatment of implants, which includes them within uniformity of
mass of single-dose preparations.

Key Points

- Length and weight do not measure the same thing.
- Length confirms geometry.
- Weight confirms the quantity of finished material present.

- For medicated implants, dose integrity is more closely linked to mass than to
length alone.
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- Length may still have value as a supporting or surrogate measure, but only where that relationship has
been demonstrated.

- A robust control strategy should be based on scientific relevance, not measurement convenience alone

1. Introduction

Medicated implants are not simply shaped components. They are pharmaceutical dosage units designed
to deliver a defined quantity of active substance in a controlled and repeatable way. That distinction
matters when selecting a quality control strategy.

A common question in implant manufacture is whether implant length can serve as the primary physical
quality indicator, or whether implant weight is the more appropriate control. At first glance, length may
appear attractive. It is easy to understand, easy to measure, and clearly relevant to physical conformity. But
a dimensional measurement is not the same as a dose-related measurement.

The central issue is this: if the real concern is the integrity of the delivered unit, which control is closer to
the quality attribute that matters?

This paper examines that question from a technical and quality perspective. It does not argue that length
has no role. It does. Rather, it argues that length and weight answer different questions, and that for
medicated implants, weight is usually the more defensible primary physical control for dose integrity.

2. The quality and regulatory context

Modern pharmaceutical quality systems do not support control strategies built on assumption or
convenience alone. They expect manufacturers to identify the attributes that matter to product quality,
understand the variables that affect them, and justify the chosen controls scientifically.

This principle runs through:

- ICH Q8(R2): Pharmaceutical Development
- VICH GL61: Pharmaceutical Development for Veterinary Medicinal Products
- FDA Process Validation guidance

- ICH Q14 and Q2(R2) for analytical procedure development and validation

These frameworks consistently point to the same underlying logic:

- identify the critical quality attributes of the product
- understand the material attributes and process parameters that influence them

- establish a control strategy that is scientifically justified

For medicated implants, this matters because the dosage unit is fundamentally tied to the amount of
product and active substance present per implant.

That same logic appears in public product presentation. Veterinary and human implants are typically
described first by mg per implant, with physical dimensions described separately. The product is therefore
defined pharmaceutically by quantity of drug and formulated material, not purely by geometry.
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The pharmacopoeial direction is also relevant. The European Pharmacopoeia includes implants within the
scope of uniformity of mass of single-dose preparations. That does not mean mass is the only quality
characteristic that matters. It does mean mass is a recognised and legitimate quality control concept for
this dosage form.

3. What length measures, and what it does not

Implant length measures one geometric dimension of the finished unit.
That can be important for several reasons:

- packaging fit

- handling

- applicator compatibility

- insertion mechanics

- user practicality

So, length has a legitimate place in implant manufacture. It can help confirm that a unit has been formed
and cut within expected dimensional limits.

But length also has clear limitations.
Length does not directly measure:

- the total amount of formulated material in the implant
- the total amount of active substance in the implant

- content uniformity

- density variation

- internal voiding or packing variation

- release behaviour

This is the point at which dimensional conformity and dose integrity begin to diverge.

A medicated implant may be nominally correct in length and still differ from other units in terms of
material quantity or dose-related relevance. That does not make length useless. It simply means length
should not automatically be assumed to be a sufficient stand-in for a more relevant dose-bearing property.

4. The first-principles mathematical basis

For a cylindrical implant, mass is described by the relationship:

d‘l
m—p-ﬂT-L
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Where:

-m = implant mass

- p = density

-d = diameter

- L =length

This equation is the clearest mathematical foundation for the argument in this paper.

It shows immediately that length is only one contributor to implant mass. Mass is also determined by
density and diameter.

If the active substance is uniformly distributed within the implant matrix, then the active amount per
implant is approximately proportional to total implant mass. Under those conditions, weight remains
closer to the dose-bearing quantity than length alone.

This becomes even clearer when the relationship is expressed in approximate relative terms:

Am Ap _Ad AL
m p d L
This tells us that:

-a 1% change in length causes roughly a 1% change in mass
-a 1% change in density causes roughly a 1% change in mass

-a1% change in diameter causes roughly a 2% change in mass

The diameter term matters because it is squared in the volume relationship. That means relatively small
changes in diameter can influence mass significantly.

The practical implication is straightforward:

Length can only act as a robust proxy for mass if diameter and density are
already being held sufficiently constant.

If they are not, a length-conforming implant may still vary materially in the quantity of finished material it
contains.

5. Why weight is usually the stronger primary physical control

Weight is not a complete control strategy on its own. It does not replace assay. It does not replace release
testing. It does not replace dimensional checks where implant handling or administration depends on
physical form.

But if the question is narrowed to this:

Which single physical attribute better protects dose integrity?
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Then weight usually has the stronger case.

5.1 Weight is closer to the quality question

Medicated implants are intended to deliver a defined quantity of formulated product and active substance
per unit. Weight is inherently closer to that question than length.

Length describes extent. Weight describes quantity.

5.2 Weight responds to more sources of variation

A length check mainly confirms that the implant was cut to nominal size. A weight check can respond to
variation arising from:

- diameter shift

- density shift

- formulation packing variation
- internal voids

- porosity

- material inconsistencies

That makes weight a broader screen against multiple failure modes.

5.3 Weight fits more naturally with the pharmaceutical identity of the dosage unit

Implants are commonly specified by mg per implant. Pharmacopoeial treatment recognises uniformity of
mass as relevant to implants. From a pharmaceutical quality perspective, weight therefore sits more
naturally at the centre of the dose-integrity discussion than length alone.

6. The necessary caveat: Length may still be useful

This is not an argument that length is scientifically invalid. It is not an argument that regulators would
never accept a length-based approach. It is not an argument that weight alone guarantees dose
conformity.

Length may be highly useful in practice. In a tightly controlled process, length may correlate well with
implant mass and may even function as a valid surrogate within a defined operating window.

That can happen where:

- diameter is tightly controlled

- density is stable

- formulation homogeneity is established
- moisture variation is negligible

- cutting is tightly controlled

- the relationship between length and the dose-related attribute has been demonstrated
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Under those conditions, length may be a practical in-process control.

But that conclusion is conditional.
A surrogate is only defensible when it has been demonstrated, not assumed.

So the correct position is not that length has no place. It is that length should usually be regarded as a
supporting dimensional control, unless evidence shows that it remains predictively linked to the relevant
quality attribute across the defined process space.

Strengths and weaknesses can be compared as follows:

Attribute Implant length Implant weight
Measures One geometric dimension Total material quantity
Direct relevance to dose integrity Limited Higher

Sensitive to diameter variation No Yes

Sensitive to density variation No Yes

Useful for physical conformity Yes Limited

Useful as primary dose-related physical control Conditional Usually stronger

7. Experimental evidence that can underpin the conclusion

If you wish to set up an experiment which tests the conclusions in this paper | would go about this as
follows to produce a modest but meaningful evidence package. The objective is not to create an academic
exercise. It is to test whether length genuinely protects the quality attribute that matters.

7.1 Same-unit correlation study
Measure the following on the same implants:

- length
- diameter
- weight

- assay or validated content proxy

Then compare:

- length vs weight
- length vs assay
- weight vs assay

- length plus diameter vs assay
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This allows direct comparison of which variable is the better predictor of the dose-related endpoint.

7.2 Decoupling study

Hold length within a narrow acceptable band while allowing realistic process variation in:
- diameter

- density

- moisture state

- material packing

- formulation variability

Then test whether length-conforming implants still differ materially in mass or assay.

If they do, this provides direct evidence that length is not a sufficiently robust stand-alone control.

7.3 Misclassification study

Use assay or another validated dose-related endpoint as the reference, then compare:
- decisions based on length alone

- decisions based on weight

- optionally, decisions based on length plus diameter

This allows calculation of:

- false accepts
- false rejects

- missed non-conforming units

This is a powerful way of showing practical quality risk rather than just general correlation.

7.4 Measurement-system capability

Any comparison between variables should also account for the capability of the measurement system
itself. A method that is fast or convenient is not necessarily the method that is most relevant to product
quality.

The paper should therefore distinguish between:

- convenience of measurement
- capability of measurement

- relevance of measurement

Those are not the same thing.

Cl Precision - ciprecision.com | 7



8. Practical implications for manufacturers

For implant manufacturers, the practical message is balanced but clear.

Length should not be discarded. It remains useful where physical conformity matters. It may also function
as a valuable in-process indicator in a stable and well-understood process.

But if the question is how best to protect dose integrity, length is usually the weaker primary control
because it only captures one part of the physical relationship that governs the amount of material in the
implant.

Weight is generally the stronger primary physical indicator because it remains closer to the actual quantity
of finished material present in the unit. That gives it stronger relevance to the pharmaceutical identity of
the implant and broader sensitivity to multiple sources of variation.

A robust control strategy for medicated implants should therefore distinguish clearly between:

- dimensional conformity
- material quantity
- content-related quality

- performance-related quality

Those are related concepts, but they are not interchangeable.

9. Conclusion

Length and weight are not rival measurements of the same thing.
They answer different questions.
- Length confirms geometry

- Weight confirms the quantity of material present

For medicated implants, where the quality concern is the integrity of the delivered unit, weight is usually
the more defensible primary physical control. Length still has value and, in some tightly demonstrated
processes, it may function as a useful surrogate. But it should not be assumed to carry dose-related
meaning by default.

That is the core conclusion of this paper.

For medicated implants, length may belong in the control strategy, but
weight usually belongs closer to the centre of the dose-integrity argument.
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About CI Precision

Cl Precision specialises in precision weighing technologies for the pharmaceutical and related life science
sectors. Our systems are designed to support robust, data-driven quality control where measurement
integrity, process understanding, and defensible decision-making matter.

We are proud to be the only manufacturer of an off-the-shelf semi-automated high precision implant
weight sorter. Built specifically for the challenges of development, tech transfer, and operational quality
control of medicated implants in both pharmaceutical and veterinary pharmaceuticals applications.
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