
STUDIES OF THE INTERRELATIONSHIPS BETWEEN 
ARTICULAR CONFIGURATIONS AND THE MOVEMENTS 
PERMITTED AT THE PROXIMAL INTERPHALANGEAI, 

JOINTS IN MAN

BY
JOHN MORGAN BARTON

A THESIS

Submitted to the Faculty of the Graduate School of the 
Creighton University in Partial Fulfillment of 

the Requirements for the Degree of Master of 
science in the Department of Anatomy

OMAHA, 1956



/
'H

'

/ f - : >
3  ^

Thesis Approved
By

Major Adviser

Dean

78 *

3 0001 00061 0933



TABLE OF CONTENTS

INTRODUCTION......................................... 1
METHODS..............................................  4
OBSERVATIONS......................................... 7
DISCUSSION...........................................  10
SUMMARY......  17
BIBLIOGRAPHY 25



LIST OF TABLES

TABLE ONE.. .  ........................................ 19
TABLE TWO............................................  20



LIST OF ILLUSTRATIONS

FIGURE ONE...........................................  21
FIGURE TWO...........................................  22
FIGURE THREE......................................... 23
FIGURE FOUR.......................................... 24



INTRODUCTION

Joints are generally divided into two or three classes, 
(14, 28). 1- Synarthroses, which are relatively immovable,
and characterized by a continuous union of bones separated by 
connective tissue or hyaline cartilage. There are four 
varieties of synarthroses; schindylesis, gomphosis, suture, 
and synchondrosis. 2- Amphiarthroses, include those 
articulations in which the bony surfaces are separated by 
fibrocartilage or united by interosseous ligaments. They 
permit slight movement. 3- Diarthroses, are freely movable
joints, having a number of characteristics which distinguish 
them from the synarthroses and amphiarthroses. The contiguous 
bony structures have articular surfaces which are covered by 
articular cartilage of the hyaline typ. The joint is 
enclosed in a capsule, which has an inner synovial layer and 
an outer fibrous covering, and contains synovial fluid. There 
are ligaments connecting the bones. There are six forms of 
diarthrosis; ginglymus, trochoid, condyloid, saddle, arthrodia, 
and enarthrosis.

The classical anatomical texts give brief descriptions 
of the basic joint types and actions, but focus relatively 
little attention on the actual joint mechanisms themselves.
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Joint study has centered mainly in two fields; articular 
surface contour and its relation to movement, and the 
relation of ligaments and muscles to joint movement. In the 
work done on articular surfaces, one feature of some 
significance stands out. Goodsir (18) in 1868 described 
articular surfaces as being incongruent. This factor has also 
been demonstrated by Walmsley (32) MacConaill (25,26), 
Landsmeer (23,24) and Dempster (7,8,9) in more recent years. 
This incongruency is thought to be responsible for the 
variable or instantaneous axes of rotation present at these 
joints. Work in this field has been limited mainly to the 
knee, hip, and burnero ulnar joints.

The explanation for the incongruency of joints was first 
proposed in 1932 by MacConaill (25). His explanation was 
based on the hydraulic theories of Reynolds (30) and 
Mitchell (27), and has received recent substantiation by 
Barnett (l), Charnley (3), Gardner (15, 16, 17,), Jones (20, 
21), and Ogston (29), in their studies on synovial fluid.

In an effort to extend this study further, the proximal 
interphalangeal joints of the index, medius, anularis, and 
minimus digits were taken into consideration. Although the 
muscles and ligaments have been studied and reported on in 
some detail by Landsmeer (23,24,), and Kaye and Campell (15),
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no detailed study of their articular surfaces and movement 
has been undertaken.

The approach to the problem was two fold; 1- to 
determine whether the axes of rotation for these joints was 
fixed, or variable as ipt other joint; 2- to determine the 
relationship of middle phalangeal movement to the articular 
surfaces of the distal ends of the proximal phalanges.



METHODS

Two types of data were obtained using the methods and 
materials outlined below.

Twenty (20) hands, eight (8) right and twelve (12) left, 
were selected, at random, from dissecting room cadavera. The 
index, medius, anularis, and minimus digits were removed at 
the metacarpal phalangeal joints and dissected, leaving only 
the proximal interphalangeal joint capsules and collateral 
ligaments intact.

To obtain a tracing of the path of a middle phalanx about 
the distal end of a proximal phalanx, the apparatus in figure 
one (1) was used.

The proximal phalanx was immobilized on a horizontal plane, 
radial side up and the palmar surface against the flat face of 
the clamp. This clamp was attached to a short, horizontal rod 
extending from a weighted ring stand. A short, horizontal 
shaft, with a vertical scriber mounted on its distal end was 
firmly clamped to the middle phalanx. The entire apparatus 
was aligned so that the scriber was perpendicular to a level 
surface throughout its rotation. The apparatus was lowered 
until the scriber made light contact with the underlying paper.
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The middle phalanx was flexed and the tracing made.

Each tracing was perpendicularly bissected at three 
points to determine whether the axis of rotation was fixed 
or variable. Meeting of the three bissectors at a single 
point was assumed to indicate a fixed axis, and the reverse 
to be true if they did not.

The proximal interphalangeal joints were opened, and 
thirty eight (38) of the original eighty (80) joints were 
selected because they displayed a minimum of articular 
cartilage deterioration. These joints were used to obtain 
the articular surface contour of the distal ends of the 
proximal phalanges.

The dorsal and volar limits of the articular surface for 
the middle phalanx were outlined in india ink and notched. 
During magnification the notches served to separate this 
surface from those for the extensor and flexor tendons.

Sagittal cuts with a jeweler's saw were made through the 
radial condyle,* valley,* and ulnar condyle,* of the distal 
end of each proximal phalanx. This provided three sections 
of each joint surface (fig. 3). Each section was magnified 
9.6 times in a photographic enlarger and its silhouette
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traced to provide a magnified outline of its articular contour.

The geometrical procedure and interpretation outlined 
above was applied to these sections also (fig. 2).

♦The articular surface of the distal end of the proximal 
phalanx presents a lateral and medial distal extension between 
which there is a slight depression. The terms radial condyle, 
ulnar condyle, and valley were applied to these areas (fig. 3).



OBSERVATIONS

Close observation of the motion permitted at the proximal 
interphalangeal joints indicated several features of 
significance.

The primary movement observed at the proximal interphalan- 
geal joint was flexion and extension in the sagittal plane.
In all eighty joints studied, the motions recorded by the middle 
phalanges were arcs. These arcs when perpendicularly bissected 
at three points exhibited single axes of rotation. A variation 
of the method employed to obtain the tracings of the middle 
phalanges was also tried. The clamp holding the proximal 
phalanx was allowed to rotate freely instead of being locked 
in place on its shaft. Regardless of the method used, arcs 
with single axes of rotation were observed.

In cadaver material, the variation in degrees of rotation 
for the middle phalanges covered a wide range. The observed 
range was fifty nine (59) to one hundred and twenty eight (128) 
degrees, the average being approximately ninety four (94) degrees.

To establish mean limits of flexion for the digits 
involved, a series of thirty five white, male, dental students
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were subjected to goniometer tests (table one). From these 
tests, average maximum flexion limits were established.

In addition to the primary movement of the middle 
phalanges, a subsidiary or contingent movement was also 
observed. During flexion and extension, the middle phalanges 
deviated from their longitudinal axes to either the radial or 
ulnar side (abduction or adduction). This movement was some­
what difficult to demonstrate in the living, but showed itself 
quite clearly when the movement of the proximal interphalangeal 
joint was isolated from the flexion motion of the hand as a 
whole.

Measurement of this deviation was attempted, but the 
results were considered unacceptable from a standpoint of 
accuracy. These measurements did show, however, that 
considerable variation existed among fingers, even those of 
a given hand. It was not possible at the time to ascribe a 
definite pattern to these variations.

The distal end of the proximal phalanx provides an 
articular surface for the middle phalanx, and for the extensor 
and flexor tendons crossing the joint.

The articular surfaces for the tendons can, with difficulty,
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be distinguished from that for the middle phalanx. Under 

low power magnification, a slight ridging and color change 
serve to differentiate these areas.

Assuming the articular surface of the distal end of the 
proximal phalanx to be responsible for the type of motion 
present at the proximal interphalangeal joint, it was 
examined in some detail.

The articular surface for the middle phalanx presents 
three quite distinct areas which must be taken into considera­
tion. They are the radial condyle, valley, and ulnar condyle.

Para sagittal saw cuts made through the radial condyle, 
valley, and ulnar condyle provided articular surface contour 
sections of each of these areas (fig. 3). These sections were 
magnified and their outlines traced. These tracings when 
perpendicularly bissected at three points exhibited single 
radii of curvature.

Slight deviation from single radii of curvature was 
noted in some arcs, but in no case did this exceed 0.15
millimeters



DISCUSSION

The primary motion permitted at the proximal interphalan- 
geal joint is flexion and extension of the middle phalanx in 
the sagittal plane. This motion displayed an unusual feature. 
In all eighty proximal interphalangeal joints studied, the 
motions recorded by the middle phalanges were arcs. These 
arcs, when perpendicularly bissected at three points, 
exhibited single radii of curvature. It was assumed that 
when the three bissectors met at a single point the arc was a 
part of a circle.

This finding is in contrast to the varying radii of 
curvature occurring in other joints, as reported by Dempster 
et al. The variable radii which exist so consistantly in 
other joints has led to the hypothesis that this is a normal 
feature of every joint. Dempster has stated " It is highly 
questionable whether any joint surface presents a perfectly 
circular contour ". Hence, it would seem that in this respect 
the proximal interphalangeal joints differ significantly from 
other joints.

A variation of the method employed to obtain the tracings 
of the middle phalanges was also tried. The clamp holding the 
proximal phalanx was allowed to rotate freely about the shaft
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to which it was attached, rather than being locked to it, 
which was the normal procedure. Regardless of the method used, 
the results remained constant. Single radii of curvature were 
observed in all cases.

It was noted, however, that variation in degrees of 
rotation for the middle phalanges covered a wide range. This 
range extended from fifty nine to one hundred and twenty eight 
degrees, the average being approximately ninety four degrees 
in cadaver material.

This variance is attributable to several factors.
Articular cartilage deterioration is suggested as a primary 
cause in cases where only a minimum of rotation could be 
obtained. In approximately fifty percent of the joints 
studied an arthritic condition existed to some degree. It 
was characterized by a pitting and roughening of the articular 
cartilage, particularly on the condylar surfaces. Loose 
collateral ligaments and/or partially open joint capsules are 
suggested as possible causes in cases where the flexion 
exceeded normal limits.

Mean limits of flexion were established for the digits 
involved. Thirty five white, male, dental students ranging in 
age from twenty to thirty years of age were subjected to
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goniometer tests. Table one shows the average flexion limits 
for each digit in the group studied compared to the cadaver 
material. Admittedly, this is a small, select, group, 
especially chosen for manual dexterity. Thus a larger, random 
sampling, especially in the fifty to eighty years of age group, 
might reveal means lower than those given.

A subsidiary or contingent movement was also noted 
occurring concomitantly with the primary motion. During 
flexion and extension of the middle phalanx, a deviation from 
the longitudinal axis of the finger to either the radial or 
ulnar side (abduction or adduction) was exhibited. This 
movement although somewhat difficult to demonstrate in the 
living, shows itself quite clearly when the movement of the 
proximal interphalangeal joint is isolated from the flexion 
motion of the hand as a whole.

The apparatus for obtaining tracings of the middle 
phalanges was originally set so the clamp holdind the proximal 
phalanx was perpendicular to a horizontal surface. With the 
clamp in this position the scriber made contact with the 
horizontal surface over a very small range of its movement.
Thus it was necessary to adjust the clamp until the scriber 
touched this surface at all points in its movement. This 
adjustment caused a rotation of the finger on its longitudinal 
axis, thus compensating for the contingent motion. Adjustment
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of this type was necessary in almost all cases. This 

contingent movement was apparently noted by Landsmeer (23) 
in his work, but no significance was assigned to it at the 
time.

Measurement of this deviation, in millimeters, was 
attempted. A horizontal pointer was attached to the upper 
end of the scriber and a reading taken at the limits of flexion 
and extension on a vertical millimeter scale, while the clamp 
holding the finger was perpendicular to a horizontal surface. 
The results obtained were considered unacceptable from a 
standpoint of accuracy, because of the magnification error 
introduced. These measurements did establish one point. It 
was found that considerable variation in the amount of 
deviation existed among fingers, even those of a given hand.
It was not possible to ascribe any definite pattern to these 
variations.

The distal end of the proximal phalanx provides an 
articular surface, not only for the middle phalanx, but also 
for the extensor and flexor tendons crossing the joint. Hence 
a distinction between the two surfaces must be made, as the 
movement of the middle phalanx is dependent only on the 
surface with which it articulates. It is possible, though 
with some difficulty, to distinguish the articukr areas for
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the tendons from that for the middle phalanx. A slight 
ridging and color change can be seen under low power 
magnification and this serves to differentiate these areas.
The area for the middle phalanx was outlined in India ink so 
that it was readily visible to the naked eye.

Assuming the articular area for the middle phalanx to be 
responsible for the type of movement present at the proximal 
interphalangeal joint, it was examined in close detail, and an 
attempt made to correlate its structure with the movement of 
the middle phalanx.

The articular surface for the middle phalanx presents 
three quite distinct areas which were taken into consideration. 
They are the radial condyle, valley, and Ulnar condyle.

Four para sagittal saw cuts were made through the radial 
condyle, through the valley,just to either side of the midline, 
and through the ulnar condyle (fig. 3). The saw cuts provided 
three sagittal sections, one for each of the major articular 
areas (fig. 4)„ These sections displayed the outline of the 
articular surface contour of these areas. The dorsal and 
volar articular surface limits for the middle phalanx were 
notched. The notching, when the sections were magnified, 
distinctly separated the articular surface for the middle 
phalanx from that for the flexor and extensor tendons.
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Each section was mounted in a photographic enlarger and a 
9.6 times magnification of its articular surface produced.
The amount of magnification was limited by the capabilities 
of the enlarger, hence the appearance of such an unusual 
number. The magnified outline or silhouette was traced. The 
tracings were then perpendicularly bissected at three points 
in the same manner as the tracings for the middle phalanges. 
Meeting of the bissectors at a single point indicated a single 
radius of curvature. All one hundred and fourteen (114) 
sections studied were interpreted as having single radii of 
curvature.

Slight deviation from a single radius of curvature was 
noted in some of the arcs, but in no case did this deviation 
exceed 0.15 millimeters. This deviation may he accounted for 
in several ways. In making the saw cuts, slight chipping of 
the cartilage occurred in some cases. This could be responsible 
for the slight "flat" spots observed in some cases. The thirty 
eight joints were chosen from the original sample of eighty, 
because they exhibited a minimum of articular cartilage 
deterioration. It is possible that some deterioration was 
present in several cases. This deterioration is characterized 
by a pitting and roughening of the cartilage, particularly on 
the condylar surfaces, and could likewise account for the 
slight deviation noted.

The distance from the arc to the meeting point of the
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perpendicular bissectors was measured and divided by 6.6 to 
provide the actual radius of curvature for each of these 
sections. An examination of these actual radii indicated that 
the values for the valleys were smaller than those for either 
of the condyles in the majority of cases (table 2). It was also 
noted that the condyles in most cases exhibited radii of a 
similar size. Statistical analyses were undertaken to confirm 
these observations. They revealed a significant difference 
in size between the valleys and the condyles, the valleys 
being smaller. An analysis of the condyles revealed that 
their differences in size were not significant. The test 
used was the "t-test".

Thus the radial condyle, valley, and ulnar condyle all 
presented single radii of curvature and apparently have their 
origin from a single axis. Testing other portions of the 
articular surface for the middle phalanx, in a similar 
manner, might be done to substantiate this proposal.



SUMMARY

The primary movement presented at the proximal inter- 
phalangeal joint is rotation (flexion and extension) of the 
middle phalanx about the distal end of the proximal phalanx.

This study indicated that the middle phalanges of the 
index, medius, anularis, and minimus digits underwent 
rotation about a single axis. A single axis orf rotation was 
demonstrated in all eighty joints studied.

A subsidiary or contingent motion, occurring simultaneously 
with the primary movement, was noted. It was a deviation from 
the longitudinal axis to either the radial or ulnar side 
(abduction or adduction). This movement varied widely in 
amount and no definite pattern could be ascribed to it.

Also it was observed that the distal end of the proximal 
phalanx presented three major articular surfaces for the middle 
phalanx. Para sagittal sections of these areas, radial 
condyle, valley, and ulnar condyle, were magnified and traced. 
All of these sections were interpreted as having single radii 
of curvature. Maximum deviation did not exceed 0.15 milli­
meters.

Statistical analysis of these radii demonstrated that the 
radii of the valleys were significantly smaller than those of
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the condyles. A similar analysis indicated no significant 
difference between the radii of curvature for the condyles.

Because the middle phalanx rotates about a single axis, 
and the three major areas of the distal phalanx with which it 
articulates have single radii of curvature, it was assumed 
that these radii extended from the same axis about which the 
middle phalanx rotates.



TABLE ONE

DIFFERENCE

- 24.7
- 16.8
- 12.5
- 14.9

* D . S. = Dental Students
* C. M. = Cadaver Material

DIGITS DEGREES OF FLEXION
D. S.* C. M.

INDEX **--- ---  111.7 --- --- 87.0
MEDIUS ---- ---  112.0 --- —  95.0
ANULARIS -- -- - 113.5 --- — - 101.0
MINIMUS --- ---  107.4 --- --- 92.5
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TABLE TWO

RADII IN MILLIMETERS
DIGITS R. C.* U. C. * V . *

INDEX ’ 4.5 4.5 3.6
MEDIUS 4.5 4.7 4.0
ANULARIS 4.1 4.1 3.6
MINIMUS COto 3.5 3.3

MEAN 4.2 4.3 3.6

* R. C. = Radial Condyle

huD* Ulnar Condyle
* V. = Valley



Figure One
A- Clamp used to compensate for the radial or ulnar deviation. 
B- Retaining clamp for the proximal phalanx.
6- Scriber.
D- Tracing Surface.
E- Retaining clamp for the scriber.



Figure Two
Diagram of the geometrical method used to determine whether 
the radii of curvature, and the axes of rotation were fixed 
or variable.



Figure Three
Diagram of the articular surface of the distal end of a 
proximal phalanx (volar view). Lined areas represent 
sections removed and enlarged for determination of radii of 
curvature. Dotted lines represent the articular area for the 
middle phalanx.



Figure Four
Diagram of typical sagittal section obtained 
A- Articular surface for middle phalanx
B- Notches separating the articular limits for the middle 

phalanx from those for the flexor and extensor tendons.
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