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Background: The “critical zone”, a region of speculated vascularity, is situated
approximately 10 mm proximal to the insertion of the supraspinatus tendon. De-
spite its obvious role as an anatomical landmark demarcator, its patho-anatomic
nature has been identified as the source of rotator cuff pathology. Although many
studies have attempted to evaluate the vascularity of this region, the architec-
ture regarding the exact length, width and shape of the critical zone, remains
unreported. This study aimed to determine the shape and morphometry of the
“critical zone” arthroscopically.

Materials and methods: The sample series, which was comprised of 38 cases
(n = 38) specific to pathological types, employed an anatomical investigation of the
critical zone during routine real-time arthroscopy. Demographic representation:
i) sex: 19 males, 19 females, ii) age range: 18-76 years, iij) race: white (n = 29),
Indian (n = 7) and coloured (n = 2).

Results: The incidence of shape and the mean lengths and widths of the critical
zone were determined in accordance with the relevant demographic factors and
patient history. Although the cresenteric shape was predominant, hemispheric
and sail-shaped critical zones were also identified. The lengths and widths of the
critical zone appeared markedly increased in male individuals. While the increase
in age may account for the increased incidence of rotator cuff degeneration due
to poor end-vascular supply, the additional factors of height and weight presented
as major determinants of the increase in size of the critical zone.

Conclusions: In addition, the comparisons of length and width with each other
and shape yielded levels of significant difference, therefore indicating a directly
proportional relationship between the length and width of the critical zone. This
detailed understanding of the critical zone may prove beneficial for the success
of post-operative rotator cuff healing. (Folia Morphol 2017; 76, 2: 277-283)
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INTRODUCTION

The recognition of shoulder pathogenesis as the
third most common cause of musculoskeletal diseases
in society, has led to the focus of intrinsic patho-ana-
tomic entities which are considered to result in rotator
cuff degeneration [13, 24]. These intrinsic patho-ana-
tomic entities are reported to include age, morphology,
morphometry, sex and patient history [24].

The rotator cuff, which functions as a composite
anatomical musculo-tendinous hood, stabilizes the
humeral head in the normal articulated position at the
glenoid fossa during abduction and flexion [15, 19,
21-23]. ltis classically comprised of four muscles and
the underlying fibrous capsule of the glenohumeral
joint [21-23]. These four muscles are the supraspina-
tus, infraspinatus, teres minor and subscapularis, the
former three of which are situated posteriorly, with
the latter located anteriorly [17, 21, 22, 23].

Subsequently, the “critical zone”, a region of specu-
lated vascularity within the rotator cuff complex, has
become a growing area of interest due to its predis-
position to tears and lesions [4, 21, 24]. Codman and
Akerson [5] identified this region within the surface of
the central aspect of the supraspinatus tendon, approxi-
mately 10 mm from the insertion of the supraspinatus
tendon at the antero-medial aspect of the superior
facet of the greater humeral tuberosity [9]. Since it is
speculated to be an area of diminished vascularity, it is
often referred to as the “watershed” region [1-3, 5-8,
10-12, 16, 20, 21, 24].

The critical zone has also been considered to
depict an important anatomical landmark as it not
only demarcates the osseous arcuate branch of the
anterior circumflex humeral artery from the muscular
subscapular and suprascapular arteries, but also the
anterior from the posterior vessels [3, 11, 16, 20, 23].
Although Ling et al. [11] found that older patients
presented with greater lengths and widths of the criti-
cal zone, there appears to be no apparent blueprint
with regard to the shape and size of the critical zone.

Furthermore, Rathburn and Macnab [20] stated that
the nature of the critical zone is associated with the ad-
vancement into the golden years, rather than indicating
a pathological state of itself. While age-related changes
regarding the shape and dimensions of the critical zone
are not completely described in the literature, Ling et
al. [11] attributed an increase in morphometry to poor
end-arterial supply and atherosclerosis.

Thus, the aim of this study was to determine the shape
and morphometry of the “critical zone” at arthroscopy.
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Figure 1. Supero-lateral view of length and width measurements
of the critical zone; A — anterior; Gt — greater humeral tubercle;
Hh — humeral head; | — inferior; / — length; Lt — lesser humeral
tubercle; P — posterior; S — superior; Sup — supraspinatus
muscle-tendon complex; w — width.

MATERIALS AND METHODS

During routine arthroscopy, the length, width
and shape of the critical zone were investigated and
recorded (Fig. 1). This study was conducted through
the assistance and expertise of an orthopaedic sur-
geon based at Life Entabeni Hospital in KwaZulu-
Natal, South Africa. It complied with the standards of
good practice as per the institutional ethical authority
(Ethical Clearance Approval Number: BE280/13) and
was in accordance with the protocol of the hospital
management.

The sample series was comprised of 38 cases (n = 38)
(sex: 19 males, 19 females) with an age range of
18-76 years, belonging to the white (n = 29), Indian
(n = 7) and coloured (n = 2) ethnic groups.

As it was hypothesized that body height and body
weight influence the morphology and dimensions of
the critical zone, both these parameters were noted.

Patient history was specific to nine groups of patho-
logical types, viz. acromioclavicular joint (ACJ) disloca-
tion; calcific tendinitis; calcification; frozen shoulder;
impingement; instability; labral tear; rotator cuff tear;
and subscapularis tear. These pathological types were
included as they are known to arise from extrinsic and/
Jor intrinsic factors that may affect the shape and
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Table 1. Incidence of shape and mean length and width of the critical zone within the demographic distribution

Parametr Sex Race Height Weight  Age[years] Length Width
Male Female = White Indian  Coloured (mm) (mm)
Shape  Crescent 44.7 44.7 1 15.8 2.6 1702 787+194 503+134 24+02 15+02
(%) Hemispheric 26 0 2.6 0 0 1900 95.0+00 750+00 28=00 1800
Sail-shaped 2.6 53 2.6 2.6 2.6 1601 730+191 443125 2103 1.1+03
P 0.51 0.18 0.37 0.62 0.15 0.01* 0.01*
Length (mm) 25+10 22+02 24+02 23+02 24=01 - - - - -
P 0.00% 0.863 0.00% 0.01* 0.05* - -
Width (mm) 15£02 13+02 14+02 15+01 1.4+02 - - - - -
P 0.01* 0.776 0.00% 0.04* 0.49 - -
*Significant p value
Table 2. Incidence of shape and mean length and width of the critical zone for specific pathological types of patient history
Patient history Shape (%) P Length (mm) P Width (mm) P
Cresenteric  Hemispheric  Sail-shaped
Acromioclavicular joint dislocation 2.6 0 0 24+00 1400
Calcific tendinitis 53 0 0 24+0.1 1402
Calcification 5.3 0 2.6 22+02 15=01
Frozen shoulder 15.8 0 0 23+02 13+02
Impingement 316 2.6 2.6 0.98 2403 0.93 14803 085
Instability 105 0 0 23+0.1 1503
Labral tear 2.6 0 0 25+00 15+00
Rotator cuff tear 136 0 2.6 24+03 1401
Subscapularis tear 2.6 0 0 24+00 1500

surface area of the critical zone. Furthermore, some
of these pathological types may present as the premature
stages of the ensuing condition of other types, i.e.
instability arising from a traumatic injury may cause
impingement due to the misalignment and narrowing
of the subacromial space, to eventually lead to rotator
cuff tear.

The statistical analysis, which accounted for the
demographic distribution and the relevant param-
eters, was performed using SPSS version 22.0 (SPSS
Inc., Chicago, Illinois, USA). A p value of < 0.05 was
considered to be statistically significant.

RESULTS

The shape, length and width of the critical
zone according to demographic distribution and
patient history are displayed in Tables 1 and 2,
respectively.
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Shape of the critical zone

Three distinctive shapes of the critical zone were
identified, viz. cresenteric; hemispheric and sail-
shaped (Fig. 2A-C).

All three shapes of the critical zone were observed
in male individuals (cresenteric 44.7%; hemispheric
2.6%; sail-shaped 2.6%); however, the morphology
of female individuals yielded crescent (44.7%) and
sail-shaped (5.3%) only (Fig. 2A-C, Table 1).

Cresenteric and sail-shaped critical zones were
observed among all three ethnic groups (white:
cresenteric 71.1%; sail-shaped 2.6%; Indian: crescent
15.8%; sail-shaped 2.6%; coloured: cresenteric 2.6%;
sail-shaped 2.6%) (Fig. 2A-C; Table 1). In addition,
hemispheric (2.6%) critical zones were identified
within the white race group (Fig. 2A-C, Table 1).

The mean heights, relevant to the specificshape of the
critical zone were recorded: cresenteric (1.7 = 0.2 m);
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Figure 2. Supero-lateral view of the shapes of the critical zone: A. Cresenteric; B. Sail-shaped; C. Hemispheric; A — anterior; Gt — greater
humeral tubercle; Hh — humeral head; | — inferior; Lt — lesser humeral tubercle; P — posterior; S — superior; Sup — supraspinatus

muscle-tendon complex.

hemispheric (1.9 = 0.0 m); sail-shaped (1.6 = 0.1 m)
(Fig. 2A-C, Table 1).

The mean weights for the cresenteric, hemispheric
and sail-shaped critical zones were 78.7 = 19.4 kg,
95.0 = 0.0 kg and 73.0 = 19.1 kg, respectively
(Fig. 2A-C, Table 1).

In accordance with the relevant shapes of the
critical zone, the mean ages of the individuals were
estimated to be 50.3 = 13.4 years (cresenteric);
75.0 £+ 0.0 years (hemispheric) and 44.3 = 12.5 year
(sail-shaped) (Fig. 2A-C, Table 1).

The mean lengths of the cresenteric, hemi-
spheric and sail-shaped critical zones were 2.4 +
+ 0.2 mm, 2.8 £ 0.0 mm and 2.1 £ 0.3 mm,
respectively (Table 1). The comparison of length
with shape yielded a statistically significant p value
of 0.01 (Table 1).

The mean widths specific to the shapes of the
critical zone were 1.5 + 0.2 mm (cresenteric), 1.8 +
+ 0.0 mm (hemispheric) and 1.1 £ 0.3 mm (sail-
-shaped) (Table 1). A statistically significant p value
(0.01) was recorded for the comparison of width with
shape (Table 1).

Although all pathological types displayed cresen-
teric critical zones (ACJ) dislocation [2.6%)]; calcific
tendinitis [5.3%]; calcification [5.3%]; frozen shoulder
[15.8%]; impingement [31.6%)]; instability [10.5%];
labral tear [2.6%]; rotator cuff tear [13.6%]; sub-
scapularis tear [2.6%]), hemispheric and sail-shaped
critical zones were seen in one (impingement [2.6%])
and three (calcification [2.6%]; impingement [2.3%];
rotator cuff tear [2.6%]) pathological types, respec-
tively (Table 2).
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Length of the critical zone

The mean length of the critical zone was recorded
to be 2.5 £ 1.0 mm and 2.2 = 0.2 mm in males
and females, respectively (Table 1). The comparison
of length with sex yielded a statistically significant
p value of 0.00 (Table 1).

The ethnic distribution of the mean length was
2.4 = 0.2 mm (white); 2.3 = 0.2 mm (Indian) and
2.4 = 0.1 mm (coloured) (Table 1).

The correlation of length with height (0.00),
weight (0.01), age (0.05) and width (0.00) yielded
statistically significant p values (Table 1).

The mean length according to each pathological
type was documented, viz. ACJ dislocation (2.4 +
+ 0.0 mm); calcific tendinitis (2.4 + 0.1 mm); calcifica-
tion (2.2 = 0.2 mm); frozen shoulder (2.3 = 0.2 mm);
impingement (2.4 + 0.3 mm); instability (2.3 =
+ 0.1 mm); labral tear (2.50 = 0.00 mm); rotator
cuff tear (2.4 = 0.3 mm); subscapularis tear (2.4 =
+ 0.0 mm) (Table 2).

Width of the critical zone

Male and female individuals presented with mean
widths of 1.5 + 0.2 mm and 1.3 = 0.2 mm, respec-
tively (Fig. 3, Table 1). A statistically significant p value
of 0.01 was recorded for the comparison of width
with sex (Table 1).

The mean widths for white, Indian and coloured
individuals were recorded to be 1.4 + 0.2 mm; 1.5 =
+ 0.1 mmand 1.4 = 0.2 mm, respectively (Fig. 3, Table 1).

The comparison of width with height and weight
yielded statistically significant p values of 0.00 and
0.04, respectively (Table 1).
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Figure 3. Superior view of left critical zone width measurement;
B — tendon of long head of biceps brachii; H— humeral head;

L — lateral; M — medial; | — inferior; S
supraspinatus muscle-tendon complex.

superior; Sup —

The mean width specific to each pathological
type was recorded, viz. ACJ dislocation (1.40 + 0.00
mm); calcific tendinitis (1.35 = 0.21 mm); calcification
(1.47 = 0.06 mm); frozen shoulder (1.30 = 0.15 mm);
impingement (1.48 + 0.26 mm); instability (1.53 =
+ 0.32 mm); labral tear (1.50 = 0.00 mm); rotator cuff
tear (1.43 £ 0.12 mm); subscapularis tear (1.50 +
+ 0.00 mm) (Fig. 3, Table 2).

DISCUSSION

Although this study focused on a generally un-
frequented region in terms of anatomical study,
it is an area bearing much clinical relevance. In
addition, no other known study has collectively
documented the shape, length and width of the
critical zone with consideration of demographic
factors, body height, body weight and specific
pathological types.

Cresenteric critical zones appeared to be equally
prevalent in both male and female individuals;
however, hemispheric and sail-shaped critical zones
were predominantly found in males and females,
respectively (Table 1). Hemispheric and cresenteric
critical zones were most common in white individu-
als, while sail-shaped critical zones were equally
prevalent among all three ethnic groups (Table 1).
Hemispheric critical zones presented with the high-
est mean body height of 1.9 = 0.0 m (Table 1).
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Similarly, the mean body weight was greatest in
individuals presenting with hemispheric critical
zones (Table 1).

Individuals with hemispheric critical zones had
the highest mean age of 75.0 = 0.0 years (Table 1).
Hemispheric critical zones displayed the largest
mean length of 2.8 = 0.0 mm (Table 1). It may be
postulated from the statistically significant p value
recorded for comparison of length with shape, that
a greater length is typical for the hemispheric critical
zone (Table 1). Consequently, the mean width was
greatest for the hemispheric critical zones (Table 1).
The statistically significant p value of 0.01 may indi-
cate that hemispheric critical zones generally present
with markedly increased widths (Table 1).

Despite the presence of cresenteric critical zones
among all pathological types, cresenteric and hemi-
spheric critical zones were predominantly observed
within the impingement group, with the former pre-
senting with a distinctively high incidence (Table 2).
Sail-shaped critical zones were equally prevalent
in the calcification, impingement and rotator cuff
groups (Table 2). As a result, the impingement group
appeared to be the common pathological type to all
three shapes of the critical zone. Although the devel-
opment of rotator cuff tears may arise independently
or from the combined interaction of the calcification
and impingement types, both rotator cuff tears and
calcification arise from intrinsic and extrinsic factors
[19]. On the contrary, impingement has an extrin-
sic basis arising from structural narrowing or acute
changes in movement and posture [19]. It may thus
be postulated that variation in the shapes of the criti-
cal zone are related to extrinsic factors rather than
intrinsic ones.

The mean length of the critical zone, which was
higher in male individuals, yielded a statistically sig-
nificant p value for the comparison of length with sex,
thus suggesting that an increased length is a com-
mon finding in male individuals (Table 1). Coloured
individuals presented with an increased mean length
of 2.4 = 0.1 mm (Table 1).

Although Ling et al. [11] stated that the increased
morphometric aspects of the critical zone, which
result from increasing age, may account for the in-
cidence in rupture, tendinitis and calcification of the
rotator cuff complex in individuals older than 50
years of age, the present study revealed statistically
significant differences for the correlation of length
with body height, body weight, age and width
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(Table 1). While the increase in age may be linked to
poor end-arterial supply and atherosclerosis, it may
be postulated that the additional factors of height,
weight and width of the current study are major
determinants of an increase in the size of the critical
zone (Table 1) [11].

Since the glenoid labrum presents as a fibro-carti-
laginous tissue around the glenoid rim, it acts as a static
stabilizer of the glenohumeral joint [14]. In the present
study, the pathological type of labral tear yielded the
highest mean length of 2.5 = 0.0 mm (Table 2). Despite
serving as an attachment site for the glenohumeral
capsule, the glenoid labrum provides no attachment to
the supraspinatus muscle-tendon complex, hence the
supraspinatus tendon is unaffected by labral tears [14].
This may explain the increased mean length observed
in the labral tear group. However, given the fact that
labral tears are extrinsic in nature arising from traumatic
injury and/or repetitive “over-head” throwing activities,
it has been found that the same mechanisms causing
rotator cuff injury may also result in tearing of the
glenoid labrum [14].

Male individuals presented with larger mean widths
of 1.5 £ 0.2 mm (Table 1). The gender differences in
bone geometry, which result in males having larger,
heavier bones and thus larger surface areas at the
proximal end of the humerus, may account for the
statistically significant difference recorded for the com-
parison of width with sex (Table 1) [18]. Therefore, it
may be suggested that larger widths of the critical
zone are generally seen in male individuals (Table 1).

Adistinctly increased mean width of the critical zone
was identified in individuals of Indian ethnicity (Table 1).

The comparison of width with body height and
body weight yielded statistically significant differences,
thus indicating that the increased width of the critical
zone is determined by the latter two factors (Table 1).

The highest mean width of 1.5 + 0.3 mm was
observed within the instability group (Table 2). As
instability arises primarily from the extrinsic factor of
traumatic injury, it may be verified that a decrease in
morphometry of the critical zone is due to intrinsic
factors such as degeneration.

CONCLUSIONS

Cresenteric critical zones appeared to be the
predominant shape, with the hemispheric shape
being rarely present. Male individuals generally pre-
sent with larger lengths and widths of the critical
zone. The increase in morphometry of the critical
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zone, specifically length and width, was seen to be
greatly influenced by body height, body weight and
age. Furthermore, the comparisons of length and
width with each other and shape revealed levels
of significant difference, thus suggesting a directly
proportional relationship between the length and
width of the critical zone. In addition, the provision
of a concise patient history may be informative of
the anatomical nature of the critical zone, from
which a specific pathological type may be deduced.
As a result, the anatomical status of the critical zone
may prove beneficial in operative preparation and
postoperative prognosis.
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