
journal of orthopaedic & sports physical therapy  |  volume 42  |  number 2  |  february 2012  |  53

The convex-concave rules of arthrokinematics have been taught 
in physical therapy schools in the United States for about 
30 years. The idea that the morphology of articular surfaces 
is strongly related to kinematics can be traced back to the 

works of MacConaill,7,8 Maitland,10 MacConaill and Basmajian,9 and 
Steindler.14 These early works, as well as those of others,15 helped define 
the discipline of arthrology—the study of the structure and function

of skeletal joints. The increased attention 
to arthrology as an academic entity over 
the last few decades has had a strong in-
fluence on the development of many as-
pects of sports, orthopaedic, and manual 
physical therapy.

The convex-concave rules purport-
edly help describe the roll-and-slide re-
lationships that naturally occur between 
moving articular surfaces. There are 2 
components of this rule, depending on 
whether the convex or concave articular 
member of the joint is considered the 
moving segment.5,12 As a teacher of kine-
siology and a physical therapist, I have 
always respected these rules, primarily 
because of their ability to assist with the 
mental imaging of joint motion (ie, “see-
ing” beneath the skin). Recently, I have 
been perplexed by questions from ex-
perienced physical therapists as to why 
the convex-concave rules are still being 
taught in college or continuing education 
venues, when research has shown that 
they are flawed.1,6,13 Perhaps I am so hope-

lessly infatuated with, and blinded by, 
the educational charm and utility of the 
convex-concave rules that I fail to realize 
they are flawed. Are they? I don’t think 
so, which is the topic of this editorial.

One common example of the applica-
tion of the convex-concave rules is the 
arthrokinematics of abduction of the 
glenohumeral (GH) joint: the convex 
humeral head rolls superior relative to 
the glenoid fossa as a point on its articu-
lar surface simultaneously slides inferior. 
The “flaw” in this convex-concave rule, 
as it was explained to me, was exposed 
by a number of studies that measured 
the arthrokinematics of the GH joint. 
These studies,1,6,13 performed on healthy 
subjects and similar to the study by Mat-
suki et al11 published in this issue of the 
Journal, showed that the humeral head 
actually remains nearly stationary or, in 
fact, translates upward when performing 
90° to 120° of shoulder abduction. This 
is apparently in direct conflict with the 
traditional “opposite” roll-and-slide pat-

tern described for GH joint abduction. 
But an important aspect of these studies 
is often overlooked, which I contend has 
likely contributed to the misinterpreta-
tion of the convex-concave rule. Specifi-
cally, in all these studies, the net superior 
translation of the humeral head is only a 
few millimeters. To put this into perspec-
tive, consider an adult-size humeral head 
with a circumference of 16 cm. A motion 
of 90° of GH joint abduction occurring 
purely due to a rolling motion (with no 
concurrent inferior slide at the articular 
surface) would theoretically cause the 
humeral head to roll upward on the gle-
noid about 4 cm. Clearly, a significant, 
concurrent inferior slide of the humeral 
head must occur. This offsetting slide is 
an essential component of GH joint ab-
duction, especially considering that the 
adult subacromial space is only about 1 
cm in height. That the studies showed 
that the humeral head only migrates 1 
to 3 mm upward is in itself proof of the 
existence of a significant, concurrent in-
ferior slide during GH joint abduction. 
Although this is a relatively simple con-
cept, it points out an elegant mechanical 
solution. In the case of GH joint abduc-
tion, the relatively large humeral head 
can roll and produce a large osteokine-
matic path of abduction, while simulta-
neously remaining within the confines 
of the relatively small glenoid fossa. This 
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issue is especially important, given the 
musculotendinous structures located 
within the subacromial space, just above 
the glenoid fossa.

Other published kinematic studies of 
the GH joint also may appear to conflict 
with the arthrokinematics expected for 
a convex-concave surface movement. 
Studies published by Harryman et al2 
and Howell et al,3 using healthy subjects, 
showed that the humeral head translates 
posteriorly between 2 to 7 mm on the gle-
noid during full GH joint external rota-
tion. For similar logic to that described 
for GH joint abduction, the fact that the 
net posterior translation of the center 
of the humeral head is so small relative 
to the size of the humeral head and the 
amount of GH joint external rotation 
lends credence to the traditional convex-
concave rule of arthrokinematics. A sig-
nificant amount of concurrent anterior 
slide must have occurred to prevent the 
humeral head from literally rolling off the 
posterior rim of the glenoid.

It has also been explained to me that 
another flaw of the convex-concave rule 
relates to its clinical applications in 
manual physical therapy. Specifically, 
Johnson et al4 showed that a posterior 
glide applied to the humeral head was 
more effective than applying an anterior 
glide for the purpose of increasing exter-
nal rotation of the GH joint. The convex-
concave rule suggests that the preferred 
direction of a manual glide to improve 
external rotation is anterior. This logic is 
consistent with a combined anterior slide 
and posterior roll during external rota-
tion of the humeral head. My rebuttal to 
this argument is that the convex-concave 
rule was never intended to establish the 
direction of a manual glide, applied at a 
joint, that would best increase a targeted 
movement. The rule merely describes the 
arthrokinematic pattern that minimizes 
the inherent migration of the center of 
the convex member in the direction of 
the roll.

The specific direction of a glide ap-
plied to a joint for the purpose of im-
proving motion is a separate issue, based 
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primarily on the understanding of which 
part of the capsule, if restricted, would 
potentially limit the motion of interest. 
Traditionally, limited GH joint abduc-
tion has been associated with tightness 
of the inferior part of the capsule, a sce-
nario often associated with an excessive 
superior migration of the humeral head, 
potentially causing subacromial rotator 
cuff impingement. In these individuals, 
it is logical to address the lack of motion 
through interventions that include infe-
rior glide mobilization techniques of the 
humeral head, with the assumption that 
an inferior glide would best stretch the 
inferior capsule.

Similarly, it would be logical to assume 
that limitations of external rotation at the 
GH joint would be caused by restrictions 
within the anterior part of the capsule. 
In the study by Johnson et al,4 the fact 
that a posterior glide administered to the 
humeral head was more effective than an 
anterior glide for gaining external rota-
tion in persons with adhesive capsulitis 
may be related to factors not governed 
by the traditional convex-concave rule. 
Perhaps the capsular tightness associated 
with the patients’ pathology caused the 
humeral head to migrate to a more ante-
rior resting position than normal relative 
to the glenoid. The use of a posterior glide 
might have preferentially stretched parts 
of the capsule, allowing the humeral head 
to be more centralized relative to the gle-
noid. This new position might, in turn, 
have partially unloaded the anterior cap-
sule, thereby allowing greater external ro-
tation. Without objective data on which 
part of the capsule was most restricted 
and the position of the humeral head at 
the start and end range of motion, this 
scenario is purely a speculation, and oth-
ers are possible.

Despite my position on this topic, I 
nevertheless find it very useful to consid-
er the traditional roll-and-slide arthro-
kinematic patterns when evaluating any 
restriction in movement within an ovoid 
joint. In addition to helping visualize the 
likely arthrokinematics, the rules are of-
ten in agreement with the direction of the 

traditionally preferred manually imposed 
glide, such as a posterior glide to the talus 
to encourage greater dorsiflexion of the 
foot relative to the leg or a palmar glide 
to the proximal carpus relative to the ra-
dius to encourage greater wrist extension. 
That being said, my underlying point re-
mains that the convex-concave rules of 
arthrokinematics, on their own merit, 
were not intended to serve as the un-
equivocal justification for deciding on the 
direction of the application of a manual 
glide maneuver. However, the rules can 
be a reasonable starting point for making 
such decisions, as long as factors such as 
the joint’s resting position and local ten-
sions within muscles, ligaments, or other 
connective tissues are considered.

Perhaps the term rule is too strong of 
a word when applied to the arthrokine-
matics described within this editorial. 
The term implies a strict and highly re-
peatable pattern of expected behavior, 
which is not the case. Perhaps referring 
to convex-concave patterns of kinematics 
is more forgiving, reducing the demands 
placed upon the premise of dictating 
clinical decisions. The convex-concave 
patterns are not flawed and, if interpret-
ed correctly, serve as a cornerstone to 
understanding the essential mechanism 
of arthrokinematics. Let us appreciate 
the natural patterns of arthrokinematics 
for what they were intended to do, while 
respecting their possible limitations in 
directing treatment approaches. !

42-02 Editorial.indd   54 1/18/2012   3:24:1  PM



journal of orthopaedic & sports physical therapy  |  volume 42  |  number 2  |  february 2012  |  55

nian LL. The effect of anterior versus posterior 
glide joint mobilization on external rotation 
range of motion in patients with shoulder ad-
hesive capsulitis. J Orthop Sports Phys Ther. 
2007;37:88-99. http://dx.doi.org/10.2519/
jospt.2007.2307.

 5.   Levangie PK, Norkin CC. Joint Structure and 
Function: A Comprehensive Analysis. 5th ed. 
Philadelphia, PA: F.A. Davis Company; 2011.

 6.   Ludewig PM, Cook TM. Translations of the 
humerus in persons with shoulder impinge-
ment symptoms. J Orthop Sports Phys Ther. 
2002;32:248-259.

 7.   MacConaill MA. Joint movement. Physiotherapy. 
1964;50:359-367.

 8.   MacConaill MA. The movements of bones and 
joints. V. The significance of shape. J Bone Joint 
Surg Br. 1953;35-B:290-297.

 9.   MacConaill MA, Basmajian JV. Muscles and 
Movements: A Basis for Human Kinesiology. 
Baltimore, MD: Williams & Wilkins Co.; 1969.

 10.   Maitland GD. Peripheral Manipulation. 2nd ed. 
Boston, MA: Butterworths; 1977.

 11.   Matsuki K, Matsuki KO, Yamaguchi S, et al. Dy-
namic in vivo glenohumeral kinematics during 
scapular plane abduction in healthy shoulders. 

J Orthop Sports Phys Ther. 2012;42:96-104. 
http://dx.doi.org/10.2519/jospt.2012.3584.

 12.   Neumann DA. Kinesiology of the Musculoskeletal 
System: Foundations for Rehabilitation. 2nd ed. 
St Louis, MO: Mosby/Elsevier; 2010.

 13.   Poppen NK, Walker PS. Normal and abnormal 
motion of the shoulder. J Bone Joint Surg Am. 
1976;58:195-201.

 14.   Steindler A. Kinesiology of the Human Body 
Under Normal and Pathological Conditions. 
Springfield, IL: Charles C. Thomas; 1955.

 15.   Warwick R, Williams PL. Gray’s Anatomy. 35th 
British ed. Philadelphia, PA: Saunders; 1973.

PUBLISH Your Manuscript in a Journal With International Reach

JOSPT offers authors of accepted papers an international audience. The
Journal is currently distributed to the members of the following
organizations as a member benefit:

• APTA's Orthopaedic and Sports Physical Therapy Sections
• Sports Physiotherapy Australia (SPA) Titled Members
• Physio Austria (PA) Sports Group
• Belgische Vereniging van Manueel Therapeuten-Association Belge des 
   Thérapeutes Manuels (BVMT-ABTM)
• Comitê de Fisioterapia Esportiva do Estado do Rio de Janeiro 
   (COFEERJ)
• MaisFisio Consultoria e Desenvolvimento em Saúde
• Canadian Physiotherapy Association (CPA) Orthopaedic Division
• Sociedad Chilena de Kinesiologia del Deporte (SOKIDE)
• Suomen Ortopedisen Manuaalisen Terapian Yhdistys ry (SOMTY)
• German Federal Association of Manual Therapists (DFAMT)
• Hellenic Scientific Society of Physiotherapy (HSSPT) Sports 
   Injury Section
• Chartered Physiotherapists in Sports and Exercise Medicine (CPSEM) 
   and Chartered Physiotherapists in Manipulative Therapy (CPMT) 
   of the Irish Society of Chartered Physiotherapists (ISCP)
• Israeli Physiotherapy Society (IPTS)
• Gruppo di Terapi Manuale (GTM), a special interest group 
   of Associazione Italiana Fisioterapisti (AIFI)
• Nederlandse Associatie Orthopedische Manuele Therapie (NAOMT)
• Sports Physiotherapy New Zealand (SPNZ)
• Norwegian Sport Physiotherapy Group of the Norwegian Physiotherapist 
   Association
• Portuguese Sports Physiotherapy Group (PSPG) of the Portuguese 
   Association of Physiotherapists
• Singapore Physiotherapy Association (SPA)
• Orthopaedic Manipulative Physiotherapy Group (OMPTG) of the 
   South African Society of Physiotherapy (SASP)
• Swiss Sports Physiotherapy Association (SSPA)
• Association of Turkish Sports Physiotherapists (ATSP)

In addition, JOSPT reaches students and faculty, physical therapists and
physicians at more than 1,400 institutions in the United States and around the 
world. We invite you to review our Information for and Instructions 
to Authors at www.jospt.org and submit your manuscript for peer review at 
http://mc.manuscriptcentral.com/jospt.

42-02 Editorial.indd   55 1/18/2012   3:24:18 PM

http://dx.doi.org/10.2519/jospt.2007.2307.
http://dx.doi.org/10.2519/jospt.2007.2307.
http://dx.doi.org/10.2519/jospt.2012.3584.

	053JOSPTfeb12
	054JOSPTfeb12
	055JOSPTfeb12

