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Predictors of Shoulder Degeneration in the
KwaZulu-Natal Population of South Africa

Indicadores de la Degeneracion del Hombro en la Poblacion KwaZulu/Natal de Sudafrica

N. Naidod; L. Lazarus?;, A. Van TongeF; S. A. Osmart & K. S. SatyapaP

NAIDOO, N.;LAZARUS, L.; VAN TONGEL, A.; OSMAN, S. A. & SATYAPAL, K. S. Predictors of shoulder degeneration in the
KwaZulu-Natal population of South Africéat. J. Morphol., 36(1p2-96, 2018.

SUMMARY: The critical shoulder angle and acromion index are conventional radiological tools employed as predictors of shoulder
degeneration. As they represent the static components of glenohumeral stability, the scapulo-humeral geometry and upaiendyimal sissue
appear as the resultant cause-effect factors. Consequently, the purpose of this study was to investigate the critiealgdd@md@cromion index
as interrelated parameters within the South African population. The measurement of both biomechanical parameters wasrctwaddtadred
and sixty (n = 260) true AP radiographs. This was a cross-sectional study that also incorporated the demographic refreenfaimuiation
group which was analysed accordingly. The mean values recorded for both the critical shoulder angte&3®).ahd acromion index (0#2.13)
suggested rotator cuff arthropathy. The results confirmed the theories of Nyffeler et al. (2006) and Moor et al. (201@jedhto alenoid
inclination and the acromial coverage over the humeral head. A significant proportionality correlation, verified by af®\2flQewas established
between the acromion index and critical shoulder angle which may assist to differentiate between normal asymptomatiarsththubdersith cuff
disease. Furthermore, these predictors of shoulder degeneration may present as a preventative tool against tear progression.

KEY WORDS: Critical shoulder angle; Acromion index; Predictors of shoulder degeneration; Rotator cuff tendinopathy;
Subacromial disease.

INTRODUCTION

Since the critical shoulder angle and acromion indeteral acromial extension and the glenoid slope (Moai,
are considered to be characteristic of subacromial patholog@13; Gerbeet al; Spieglet al). As a result, Mooet al
there is much need for the evaluation of these biomechani¢2012) reported a critical shoulder angle of less than 30° to
parameters as separate and interrelated predictors of shoulidgyict glenohumeral osteoarthritis, while that greater than
degeneration in the South African population (Armfietd 35° was reflective of degenerative rotator cuff tears.
al., 2003; Mooret al, 2013; Bouaichat al, 2014; Gerber Furthermore, the acromial coverage provided by the varia-
et al, 2014, Spiegkt al, 2016). As the scapulo-humeralble acromial length has been theorised to increase or decrease
geometry related to these parameters present as staftie size of the deltoid momemrtrm, thus causing a
stabilisers, the relationship between the latter and tlilecentralization of the deltoid force vector on the rotational
surrounding musculature determines the stability of theentre of glenoid fossa (Moet al, 2014a; Viehofeet al).
shoulder (Armfieldet al; Mooret al, 2013; Gerbeet al).

Similarly, Nyffeleret al (2006) proposed the model

The critical shoulder angle, an analytical tool of anf the acromion index, which defines the relation between the
individual’s scapular anatomy, quantifies the angle betwegateral extensions of the acromion and the humeral head from
the superior and inferior osseous glenoidal margins and tihe glenoid fossa. Since the force vector commences at the
lateral-most aspect of the acromion (Madral, 2012; lateral acromial extension, it is closely associated with the
Bouaicheet al; Gerbeet al; Daggetet al, 2015; Spiegét  deltoid insertion site, thus resulting in the superior
al.; Viehoferet al, 2016). This novel radiological parameterdisplacement of the humeral head such that the subacromial
provides reasoning for the occurence of glenohumeredmplex is impinged (Hanciaet al, 2012; Miyazakit al,
osteoarthritis or rotator cuff tears by measuring both the 12015). Consequently, a higher acromion index is indicative of
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a larger lateral acromial extension that may increase the probabilit
subacromial pathology (Hanciat al).

Although many international reports exist, no known Sout ;
African study has investigated nor incorporated both of the abox&'(
|

shoulder angle and acromion index within the KwaZulu-Natz
population of South Africa.

MATERIAL AND METHOD

Two-hundred and sixty (n = 260) randomly-selected true antel
posterior radiographs of shoulder patients were extracted from
database of Life Entabeni Hospital, Durban, KwaZulu-Natal, So
Africa, in accordance with hospital protocol. This study employed
cross-sectional approach in which patient history and/or pathol
were unknown. The GE Healthcare Centricity PACS — IW Dynam
Imaging (3.7.3.9) was used to measure the respective parameter

The critical shoulder angle was measured as the angle betw
the line joining the superior and inferior glenoidal margins and t ]
line connecting the inferior glenoidal margin to the lateral-most aspegjy. 2. Acromion index as stated by Nyffetgal (2006)
of the acromion (Fig. 1). (AP view of left shoulder). Key: Ac: Acromion; CSA:

Critical shoulder angle; GA: Distance from glenoid plane

The acromion index presented as a ratio of two calculatéulthe lateral-most point of the acromion GH - Distance
distances, i.e. A) Distance from glenoid plane to the lateral-most pdii@m the glenoid plane to the lateral-most aspect of the
of the acromion, and B) Distance from the glenoid plane to the lateraimeral head Hh - Humeral head; Hs - Humeral shaft; M
most aspect of the humeral head (Fig. 2). — Medial; S — Superior.

Fig. 1. Critical shoulder angle as proposed by Metoal
(2012) that are indicative of specific pathology types; A)

A, i Rotator cuff tendinopathy, Left shoulder; B) Osteoarthritis,
Right shoulder (AP view) Key:Ac: Acromion; CSA: Critical shoulder angle; Hh: Humeral head; Hs: Humeral shaft; IG:
Inferior glenoidal margin; L: Lateral; M: Medial; S: Superior; SG: Superior glenoidal margin
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Based upon a 95 % confidence interval, the IBM The mean acromion index in males and females was
Statistical Package for Social Sciences (SPSS) version 2fo0nd to be 0.740.11 and 0.7%0.16, respectively (Table ).
was used to analyze the data collected. Comparisons betwkeaddition, a P value of statistical significance (0.001) was
the predictors of shoulder degeneration, race (Black: Bcorded for the comparison of the mean acromion index
Coloured: 25, Indian: 41, White: 191), sex (Male: 144hetween male and female individuals (Table I). The left side
Female: 116), side (Left: 124, Right: 136) and agpresented with a mean acromion index of 8065, while
(53.56:15.04 years old) were also performed. P values tfat of the right appeared to be (9212 (Table I). This
less than 0.05 were noted to be statistically significant. comparison between left and right sides was accompanied by
a statistically significant P value of 0.007 (Table I). Although
the Black race group was found to have a mean acromion

RESULTS index of 0.730.59, the Coloured, Indian and White race
groups yielded indices of 0.¥d.14, 0.7%0.16 and 0.780.14,
respectively (Table I).

The standard mean critical shoulder angle and
acromion index were calculated to be 3&3B4° and A statistically significant P value of 0.000 was recorded
0.74t0.13, respectively (Table 1). for the correlation between the mean critical shoulder angle

and the mean acromion index (Table I).

Male individuals presented with a mean critical
shoulder angle of 35.68.73°, while female individuals had
a mean angle of 37.38.89° (Table I). Moreover, a DISCUSSION
statistically significant P value of 0.031 was yielded for the
mean critical shoulder angle between males and females
(Table I). Despite the lack of longitudinal studies, many reports

have considered the variable scapulo-humeral geometry to be

The mean critical shoulder angles on the left and rightdicative of specific pathology types (Maetral,, 2012; Moor
sides were 36.@%.53° and 36.585.16°, respectively (Table et al, 2014b; Gerbegt al; Spieglet al). Consequently, there
. is speculation as to whether changes in the bone geometry

exhibit a cause-effect relationship (Maral, 2014b; Spieg|

With regard to the four race groups, the mean criticek al).
shoulder angles were as follows: Black (3%3®87°),

Coloured (36.367.64°), Indian (36.84.87°) and White This study investigated the critical shoulder angle and
(36.09:5.80°) (Table I). acromion index as interrelated parameters and accounted for

Table I. Mean values of the predictors of shoulder degeneration.

Parameter Mean Critical Mean Acromion
Shoulder Angle Index
(degreeso)
Standard 36.31+5.84 0.74+0.13
Male 35.60+5.73 0.714£0.11
Sex Female 37.18+5.89 0.77+0.16
P Value 0.031* 0.001*

. Left 36.09+6.53 0.76+0.15
Side Right 36.5145.16 0.7240.12
P Value 0.565 0.007%*

Black 39.78+3.87 0.7340.59

Coloured 36.36+7.64 0.74+0.14
Race Indian 36.80:4.87 0.75%0.16

White 36.09+5.80 0.7340.14
P Value 0.174 0.892
Age P Value 0.119 0.196
Critical Shoulder Angle P Value - 0.000*
Acromion Index P Value 0.000* -

Key: * - Significant P Value.
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the demographic representation of the KwaZulu-Natdbrmer and latter were slightly increased in the Black and
population, thus providing a unique South Africarindian groups, respectively. These minor differences may
perspective. Although the earlier report of Hareidal  be due to the biotype specific to each race group (Miyazaki
(2012) detailed the acromion index within a Johannesbueg al).
population, the racial distribution of the sample was not
considered. In this study, the absence of a statistically significant
difference for the comparison of age with the critical shoulder
In addition to the standard mean critical shouldeangle (P value = 0.119) differed from the age-related conjecture
angle, those recorded for gender, side and race were @lMoor et al. (2014a). However, the statistically significant
greater than 35°. While the quality of the cuff was nd® value of 0.000 confirmed a statistically significant correlation
described in this study, the mean angular values may sugdestiveen the critical shoulder angle and the acromion index.
the presence of rotator cuff tears, therefore corroborating
the findings of Mooet al (2012). It may be recommended that the acromial morphology,
mass of the scapula and humerus, and the joint reaction forces
This study adopted the mean values of the acromidne considered for future studies as this may clarify the extent
index classification scheme that was proposed by Nyffelar which the altered scapulo-humeral anatomy influences the
et al viz. i) rotator cuff tears: 0.28.06; ii) glenohumeral critical shoulder angle and the acromion index. Since the
osteoarthritis: 0.660.08; iii) normal shoulders: 0.68.06. documentation of complete patient records is not optimal in
Similarly, the mean acromion index for the standard, se8outh Africa, this study was based on a cross-sectional
side and race were all found to be greater than 0.71, traproach. Therefore, it may be suggested to place future
agreeing with the model of Nyffelet al Although, a high emphasis on a longitudinal study that incorporates both, cuff
acromion index is linked to rotator cuff tears, Gu & Yu (2013{yuality and patient history and/or pathology.
found no association between a low acromion index and
glenohumeral osteoarthritis.
CONCLUSION: In this study, shoulder patients in South Afri-
Subsequently, in accordance with the theories &R Presented with relatively increased critical shoulder angles
Nyffeler et al and Mooret al (2012), all mean values &nd acromial indices.
documented for the critical shoulder angle and the acromion
index suggested the presence of degenerative rotator GWiboo. NLAZARUS, L. VAN TONGEL, A OSMAN, S. A. &
tears. Since these parameters were characterized by I8RgvAPAL, K. S. Indicadores de la degeneracién del hombro en la po-
acromia with superiorly-inclined glenoid fossae, it waslacion KwaZulu/Natal de Sudafriciat. J. Morphol., 36(1p2-96, 2018.
understood that the smaller deltoid moment arm may result , ” . _
. o . RESUMEN: El &ngulo critico del hombro y el indice acromial
in the decentralization of the force vector on the gleno@)n herramientas radiol6gicas convencionales empleadas como indicadores
fossa (Mooret al, 2014a; Viehofeet al). Therefore, a de ladegeneracion del hombro. Debido a que representan los componentes
greater load would be required by the rotator cuff musclestaticos de la estabilidad glenohumeral, la geometria escapulo-humeral y
to counterbalance the deltoid force, thus initiating rotatg tejido subacromial subyacente aparecen como los factores causa-efecto
. . . resultantes. En consecuencia, el propdsito de este estudio fue investigar el
cuff tears (Moot al, 2013; Mooret al, 2014a; Bouaicha angulo critico del hombro y el indice acromial como parametros

et al; Daggettet al; Spieglet al). interrelacionados dentro de la poblacién sudafricana. La medicién de am-
bos parametros biomecénicos se realizé en 260 radiografias antero-poste-

Interestingly, female individuals presented with |argerliores (AP)._§e realizd un estudio transversal que _t'ambién incorpqré la
mean critical shoulder anales and acromial indices than mreiéresenta(:lon demogréfica del grupo de la poblacion que fue analizada.
e - g § e 883 valores medios registrados tanto para el angulo critico del hombro
individuals which were substantiated by statisticallyss,31+ 5,84°) como para el indice del acromién (&0413) sugirieron
significant P values. This differed from the study of Robinettena artropatia del manguito rotador. Los resultados E:onfirmaron las _tfaorl’as
etal (1979)’ who reported that body proportionality differed’e Ny_ffeleret al. (2006) y Mooret_al. (2012) que aludian a la inclinacion B
b | d f | b . h I gﬁnmde y a la cobertura acromial sobre la cabeza humeral. Se establecio

etijen males and remales by aS.SOCIatIng the smal _er. a correlacion de proporcionalidad significativa, verificada por un valor
mensional values of the female to primary sex characteristigs.p de 0,000, entre el indice acromial y el angulo critico del hombro, lo
A|though the mean critical shoulder angle was somewhaite puede ayudar a diferenciar entre_los hombros asin’tométicos normales
greater on the right side, the mean acromion index was lar é\ﬁuellos con_gnfermedad del manguito ro'ta_\dor. Ademas, estos pr_edlctores

he left side. This diff in the d . f si e degeneracion del hombro pueden ser uUtiles como una herramienta pre-

ont e_ ert siae. IS. Ifference In the omlnancelo SI0Rntiva contra la progresién del desgarro.
regarding both predictors of shoulder degeneration was
further validated by a statistically significant P value of 0.007. ~ PALABRAS CLAVE: Angulo critico del hombro; Indice
While the differences in the mean critical shoulder angfg:romlal; Indicadores degeneracion del hombro; Tendinopatidel man-

. . . uito rotador; Sindrome subacromial.
and acromion index were minor among the race groups, the
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