
The purpose of this retrospective study was to

 evaluate the clinical results of arthroscopic single-row

repair in large rotator cuff tears. Selection was based

on the extent of the “exposed footprint” (EFP)

obtained by adding up the width of the subscapularis

tear and the width of the supra/infraspinatus tear.

Three groups were studied : Type I had an EFP of less

than 5 cm ; Type II had an EFP of 5 cm or more ;

tears allowing only partial repair were studied

 separately. During a period of nearly three years (in

2002-04) 49 shoulders complied with our selection.

There were 25 type I and 24 type II tears. Sub -

scapularis tears were found in 32/49 shoulders (65%) ;

10 shoulders (20%) had only partial repair. At an

average follow-up of 33 months, all patients were

 subjected to an outcome assessment using the VAS,

the Simple Shoulder Test (SST), Constant score (CS)

and strength measurement. A near normal shoulder

function (11-12 Yes-answers in the SST) was obtained

in 68% of the patients with type I tears, compared to

33% of type II tears (p = 0.02). The adjusted CS for

patients with a type I tear was 88%, compared to

77% for patients with a type II (p = 0.01) ; strength

was 69% for type I and 36% for type II shoulders

(p = 0.001).

After arthroscopic single-row and margin-conver-

gence repair, a near normal shoulder function was

obtained in two-thirds of the shoulders with an EFP

of up to 5 cm. When the EFP was larger, this outcome

was achieved in only one-third of the shoulders.

Keywords : shoulder arthroscopy ; rotator cuff ; massive

tear ; footprint.

INTRODUCTION

Controversy persists regarding the most appro-

priate treatment modality for large and massive

rotator cuff tears, ranging from conservative symp-

tomatic treatment to various surgical options like

open repair (1), arthroscopic repair (2), partial

repair (7), muscle transfers (14) or arthroscopic

debridement (19). The “classical” literature regard-

ing open repair (8) showed somewhat discouraging

results. 

Burkhart (7) proposed a biomechanical  concept,

to achieve strain reduction at the tear  margins. The

concept of “margin convergence” was popularized,

wherein arthroscopy offered a much better opportu-

nity to visualize the complex patterns of large and

massive cuff tears than open surgeons could have

dreamed of. Arthroscopy also revealed that sub-

scapularis tears were much more frequent than

believed earlier (3). The role of the subscapularis as

an anterior counterpart to the posterior cuff found
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increasing acceptance as a key element in shoulder

function (7,14,16). For this reason, we introduced a

new measurement of tear extension termed the

“exposed footprint” (EFP), which defines the extent

of the transverse tear diameter of the combined pos-

terosuperior and anterior cuff. 

The purpose of this retrospective study was to

evaluate the clinical results of arthroscopic single-

row repair in large and massive rotator cuff tears.

Our basic repair principles were 3 fold : To use

 margin convergence whenever possible ; to repair

all subscapularis tears ; and to balance the trans-

verse plane force couple through partial repair, if

complete repair was not feasible. We tested the

 following hypothesis :

• A good outcome with near normal shoulder func-

tion can be expected in most cases of tears of less

than 5 cm of EFP. 

• A moderate outcome with good pain relief but

reduced function and strength can be expected in

tears of 5 cm or more of EFP and in partial

repairs.

MATERIAL AND METHODS

Between March 2002 and november 2004 a total of

240 rotator cuff repairs were performed by the first

author. A retrospective consecutive case series study was

undertaken of 53 shoulders in 50 patients with a massive

tear (i.e. 22% of 240 repairs). large and massive tears

were tears of the supra/infraspinatus tendon unit with a

largest diameter according to DeOrio and Cofield (11) of

at least 3.5 cm, or 3 cm tears of the supra/infraspinatus

complex with additional involvement of the subscapu-

laris tendon. Fourty-nine operated shoulders in

46 patients were retained in the study cohort ; 4 patients

(4 shoulders) were excluded from further evaluation.

Three of them had been reoperated since the index sur-

gery (2 reversed prostheses and 1 latissimus dorsi trans-

fer), one patient reruptured her cuff as a consequence of

a new trauma. 

Mean age of the 20 female and 26 male patients was

61 years (range : 32-79) at operation. The follow-up

period ranged from 18 to 56 months, with an average of

33 months. Clinical information was available from the

patient’s charts, the operating protocol and video prints.

All patients except one had a preoperative MRi. All

49 shoulders were examined by an independent examin-

er ; there were no drop outs. As an outcome measuring

tool we used a Visual Analog Scale (VAS) for pain (0 =

no pain, 10 = maximum pain), the Simple Shoulder Test

(SST) (17) the Constant score (CS) (9) and an electronic

strength measurement with the isobex device. The SST

was collected in the same precisely translated German

version, that we have found reliable in previous investi-

gations (3,4).

An independent radiologist, experienced in muscu-

loskeletal MRi and blinded to clinical details, reviewed

the 43 available preoperative MRi scans and graded fatty

degeneration in the muscle units of the supraspinatus,

infraspinatus and subscapularis into one of five stages.

He used an MRi adaptation as suggested by Fuchs et

al (12) of the original CT staging by Goutallier : stage 0

being normal muscle ; 1 : some fatty streaks ; 2 : infiltra-

tion, but still more muscle than fat ; 3 : as much fat as

muscle ; 4 : more fat than muscle.

Surgical technique (Fig. 1-3)

All operations were performed in beach-chair posi-

tion. After debridement, the tears were classified into

crescent-, u- or l-shaped (6). The tear size of the

supra/infraspinatus tendon unit was determined with a

hook probe in steps of 0.5 cm in the anteroposterior and

mediolateral direction. Retraction to the glenoid rim was

assigned a value of to 3.5 cm of mediolateral extension.

After performing the releases and before attaching the

tendon to the cancellous bone bed of the greater tuberos-

ity, we applied side-to-side (“margin convergence”)

stitches whenever possible (Fig. 1). For cuff attachment

to bone we used Mitek Super Anchors and reversed mat-

tress stitches (Fig. 2). As a suture material we used no 3

Ethibond or no 2 Fiberwire. The procedure was conclud-

ed with a moderate acromioplasty, except for those tears

in which only partial repair was possible. Partial repair

included subscapularis repair to the lesser tuberosity,

margin convergence stitches as possible without undue

tension and refixation of the remaining posterior cuff

shifting the tissue anterosuperiorly (Fig. 3). Thirty-two

shoulders had relevant subscapularis tears, that were

fixed with 1-2 Anchors carefully preserving the  comma-

sign. Additional procedures included : 18 biceps

 tenodeses and 7 tenotomies, 5 SlAP repairs and 2 AC

resections.

Tear size classification – exposed footprint (Fig. 4)

We estimated the size of the subscapularis tear according

to the following intraoperative criteria : 1cm for a small
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partial tear ; 2 cm for an extended partial tear ; 3 cm for

a complete tear with a retracted comma sign. This esti-

mation was based on the assumption of a subscapularis

footprint measuring 2.6-4 cm in width as supported by

the literature (6,10,16). in order to classify the combined

antero-postero-superior rotator cuff tears, we applied the

term of the “exposed footprint” (EFP) by adding up the

width of the subscapularis tear and the transverse diam-

eter of the supra/infraspinatus tear. As an example, a 3

cm wide supra/infraspinatus tear with a 2 cm subscapu-

laris tear would be classified as a tear with an EFP of 5

cm (Fig. 4). For further analysis, the tears were divided

into three groups according to size and repairability :

a) Type i : tears with an EFP of less than 5 cm.

b) Type ii : tear with an EFP equal to or more than 5 cm.

c) Retracted tears allowing only partial repair. With one

exception all these cases were Type ii tears.

Statistics

Statistical analyses were performed with the help of

the mathematics department of the university of

Fribourg. The AnOVA test was done for normally

 distributed data. The Wilcoxon/Kruskal-Wallis test was

used to determine differences between groups in case of

a non-parametric distribution of the data. The level of

significance was set at p < 0.05. All results are expressed

as the mean and the standard deviation.

RESULTS

Tear size and technique

The mean transverse tear size including the sub-

scapularis (= EFP, Fig. 4) averaged 4.8 cm (range :
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Fig. 1. — Margin convergence repair
(u- or l-shape tears) reducing strain on
tear margins.

Fig. 2. — Single-row repair to the pre-
pared bone bed (crescent-shape tears).

Fig. 3. — Partial repair : margin conver-
gence and posterior leaf reattachment.

Fig. 4. — Measurement of the “exposed footprint” :
a) Posterosuperior tear width ;
b) Subscapularis tear width
with permission from Curtis, ref. 10 (dotted line added by
authors).

a + b = EFP
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3.0 to 8.0 cm, ± 1.53). The mean supra/infraspina-

tus tear size based on the measurement of the great-

est diameter (Fig. 5) was 3.8 cm (range : 3.0 to

5.0 cm, ± .70). There were 25 shoulders with a type

i tear of less than 5 cm EFP and 24 shoulders with

a type ii tear equal to or more than 5 cm (Table i).

As for tear configuration, 20 tears were u-shaped,

11 crescent-shaped and 6 l-shaped (6). 

The subscapularis was intact in 17 shoulders,

while subscapularis tears were found in 32 of the

49 shoulders (i.e. 65%) : A small partial tear

(= 1 cm) was recorded in 12, an extended partial

tear (= 2 cm) in 12 and a complete retracted tear

(= 3 cm) in 8 shoulders. Eleven shoulders with tears

of 3 cm of largest diameter were included only

because of having an additional subscapularis tear.

Of the 38 shoulders included because of a tear diam-

eter of 3.5 cm or more, 21 (i.e. 55%) had an addi-

tional subscapularis tear. Among the overall num-

ber of 240 rotator cuff repairs of all sizes  performed

over the study period, a total of 85 (i.e. 35%) had a

subscapularis tear needing anchor fixation. 

On average, 2.8 anchors (range 1 to 6) were used

per shoulder for repairing the cuff tendons. Margin

convergence was used in 42 of the 49 cases (86%)

with 1-3 transverse stitches. in 10 of the 49 operat-

ed shoulders (20%) only partial repairs were possi-

ble. in these retracted tears, after mobilization and

repair a residual defect ranging from 0.5 to 4 cm

(mean 2.3 cm) was observed.
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Table i. — Age, Sex and Tear Size Distribution

Values are given as mean ± SD.

Type i 

(EFP < 5 cm)

Type ii 

(EFP > 5 cm)

Partial repair

number of shoulders 25 24 10

Age (years) 59 (± 1.9) 62 (± 1.9) 63 (± 2.4)

Sex (f/m) 8/17 13/11 6/4

Tear size (EFP in cm) 3.5 (± .16) 6.1 (± .17) 6.1 (± .44)

Table ii. — Clinical results

Values are given as mean ± SD. * p < 0.05.

Type i

(EFP < 5 cm)

Type ii

(EFP > 5 cm)

Partial repair

Pain reduction 

(points on VAS 10)

6.8 (± 0.41) 7.5 (± 0.42) 7.7 (± 0.66)

Yes answers in SST 10.3 (± 0.59)* 8.3 (± 0.61)* 6.8 (± 0.91)*

Adjusted CS (%) 88 (± 3.5)* 77 (± 3.6)* 71 (± 5.5)*

Adjusted strength (%) 69 (± 6.1)* 36 (± 6.3)* 25 (± 10.2)*

Fig. 5. — Measurement of greatest tear diameter of supra/
infraspinatus with probe.
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Outcome scores

Preoperative pain intensity, as expressed on

the VAS10, was 8.3 (± 1.9) for all patients. Post -

operatively, the pain level had decreased to 1.2

(± 1.51). Pain reduction was highly significant

(p < 0.001) for both tear types and for partial repairs

(Table ii). Postoperative pain levels were 1.1 for

type i, 1.4 for type ii and 1.3 for partial repairs (not

significant). 

The number of Yes-answers in the Simple

Shoulder Test (SST) averaged 9.3 postoperatively

(± 3.1) for all patients. Of the patients with a type i

tear 68% had a (near) normal shoulder function

with 11 or 12 Yes-answers, as compared to 33% in

the group with a type ii tear (p = 0.02). Overall

 satisfaction rate was 94% (46 of the 49 procedures/

3 not satisfied). However, inclusion of the 3 reoper-

ated patients – considering them as failures of the

index procedure – would result in a satisfaction rate

of 89% (46 of 52).

All Constant score (CS) results reported are age

and sex adjusted, according to the normal values

given by Yian (20). numbers are reported as a per-

centage, the so called “adjusted" Constant score.

The mean preoperative CS for all patients was 48%

(± 20, range 4 to 83), compared to 83% (± 18, range

31 to 105) postoperatively. looking at the EFP, the

postoperative CS for patients with a type i tear was

88% (± 3.5), compared to 77% (± 3.5) for patients

with a type ii tear (p = 0.01). looking at repairabil-

ity, postoperative CS values were 85% (± 2.8) for

complete repairs, compared to 71% (± 5.5) for par-

tial repairs (p = 0.03). A concomitant subscapularis

tear regardless of size, did not significantly influ-

ence the CS values neither pre- nor postoperatively

(p = 0.21 and p = 0.52, respectively).

Strength 

Abduction strength results obtained with the

isobex are also presented age and sex adjusted

using the tables given by Yian (20). Preoperative

strength of the affected shoulder showed a mean

of 28% (± 21) and increased to 53% (± 34.7) post -

operatively (p < 0.01). Tear size strongly influenced

postoperative strength (p = 0.001).

MRI 

The mean degrees of fatty degeneration on the

Goutallier scale of 0-4 as determined on the pre -

operative MRi scans are shown in table iii. in

the first column the table gives the average grades

for the three muscles of the rotator cuff for the

whole study group. Thereafter the Goutallier grades

looking at the EFP and then looking at reparability

are presented. 

DISCUSSION

The natural history (18), patho-anatomy (22), clin-

ical management and repair techniques (3,4,5,15,21)

of rotator cuff lesions continue to be the subject of

debate. Anatomic studies have shown that the ante-

rior supraspinatus and the free intraarticular edge of

the upper subscapularis on either side of the bicipi-

tal groove are the mechanically strongest tendinous

areas of the rotator cuff (Fig. 6) and therefore like-

ly to contribute most to force transmission (18,22).

The infraspinatus is known to be thinner and it

tapers away to become muscular inferiorly, which is

also true for the inferior subscapularis (10,16). As to

biomechanics, Burkhart (7) suggested the “suspen-

sion bridge model” with a cable of stronger tissue

spanning from the anterior supraspinatus to the

infraspinatus. in u- and l-shaped tears he recom-

mended the principle of margin convergence (5), a

principle that we have used in 86% of the present

case series. For irreparable tears, Burkhart suggest-

ed to use a partial repair technique (20% in this

series) instead of tendon transfers (7,14). 

looking at the rotator cuff as an anatomical and

biomechanical entity, we introduced the term

“exposed footprint” to classify our results. This

concept is based on the assumption that most tears

start in the supraspinatus and grow bigger by prop-

agating posteriorly and anteriorly (7,22). The com-

bined extent of such a tear in the antero-posterior

direction was thought to best reflect its severity.

The definition of the EFP has helped us to unify the

clinical findings of different tear patterns (10,16,21)

to a well established biomechanical rationale (7).

Our results show highly significant pain reduction

in type i and in type ii tears, as well as in partial
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repairs ; this consistently observed phenomenon

accounts for the high patient satisfaction in arthro-

scopic cuff repairs (21). The Simple Shoulder

Test (17), a patient based tool to evaluate shoulder

function (2 questions for pain, 4 for mobility, 3 for

strength and 3 for function), discriminated between

type I tears, type II tears and partial repairs.

Assuming that 11 or 12 Yes-answers express a nor-

mal or near normal shoulder function, this goal of

treatment was achieved in 68% of the patients with

type I and in 33% with type II tears, but in only

20% of patients with partial repairs. The Constant

score (9) as an objective shoulder evaluation tool,

also showed significantly higher values of 88% for

type I, than for type II tears with 77%. Post -

operative strength differed even more with 69% for

type I and 36% for type II tears. Fatty degeneration

on MRI of the 3 rotator cuff muscles (12) was rather

low in the study population as a whole. looking at

the groups, fatty degeneration of a Goutallier grade

less than 1 seems to predict a type I tear and a

Goutallier grade of more than 1 a type II tear.

Partial repairs should be expected if the Goutallier

grade is higher than 2.

when comparing our results with the literature,

we realize that, due to different definitions of a

 massive tear and different outcome measurements,

a direct comparison with other published series is

difficult. Cofield (8) presented a summary of results

of open cuff repairs, where 87% of the patients had

pain relief, but only 77% were happy with the out-

come. Bigliani et al (1) presented their results in a

large case series of 61 open repairs of massive tears

with 85% of patients having good and excellent

results. However, they did not use one of the

presently accepted scoring systems. Two early

series of arthroscopic repairs published in 2002

showed interesting conclusions : Bittar (2) present-

ed 74 massive retracted tears with 83% good and

excellent uClA results and noted improved visual-

ization and reduced morbidity as compared with

open techniques. Burkhart et al in a review of

57 shoulders repaired arthroscopically, of which 25

had large and massive tears, reported 95% good and

excellent uClA results independent of tear size. He
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Table III. — Fatty degeneration according to Goutallier (preoperatively)

SSP : supraspinatus ; ISP : infraspinatus ; SSC : subscapularis.

Goutallier grade All shoulders Type I Type II Complete

repair

Partial

repair

SSP 1.1 0.9 1.4 0.9 2.1

ISP 1.2 0.7 1.8 0.4 1.9

SSC 0.7 0.3 1.2 0.9 2.6

p = 0.07 p = 0.0001

p = 0.002 p = 0.006

p = 0.01 p = 0.005

Fig. 6. — Parasagittal MRI slice close to cuff attachment illus-
trating the strong (black) tendinous portion of superior sub-
scapularis (SSC) and the anterior supraspinatus (SSP) on both
sides of the biceps (Bic). Posteriorly the infraspinatus (ISP).
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considered margin convergence the key element (5).

more recently the constant score has been widely

used and imaging techniques such as ultrasound

and mri are being applied more frequently.

hanusch et al (15) reviewed 24 patients and found

an increase of the adjusted cs from 42 to 78% and

a patient satisfaction of 87%. gerber et al in a series

of 29 massive tears (defined as a detachment of at

least two entire tendons) found an increase in the

adjusted cs from 49% to 85% (13). 

our results with an increase of the adjusted cs

from 48% preoperatively to 83% postoperatively

and an overall patient satisfaction rate of 89%

match the results in the literature very well. With

a percentage of 65% the subscapularis was very

frequently  involved in the pattern of cuff patholo-

gies in our series. We are aware of the fact, that our

2 fold inclusion criteria introduced a selection bias

in favour of subscapularis tears. But, by eliminating

this bias, we still encounter as many as 55% of sub-

scapularis tears. We believe that, in fact, in large

and massive rotator cuff tears, subscapularis lesions

are very frequent and likely underreported in cer-

tain studies. 

our study has the following strengths : first we

were able to examine all patients that matched the

inclusion criteria, reaching a follow-up rate of

100%. secondly inclusion of all subscapularis tears

and the definition of the “exposed footprint”

allowed us to look at the rotator cuff as a function-

al entity with tears located more anteriorly or poste-

riorly, instead of a combination of tears of different

isolated tendons. the absence of postoperative

imaging data is a weakness of our study. 

in conclusion, the hypothesis was confirmed

that, with arthroscopic single-row and margin-con-

vergence repair, a (near) normal shoulder function

can be obtained in two-thirds of the shoulders with

an efp of up to 5 cm. if the efp is larger, this out-

come is achieved in only one-third of the cases. an

efp of 5 cm seems to be the approximate cut-off

point in prognosis. for selected cases, partial repair

is a valuable option.
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