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Fuchs III/IV were observed in 40 and 12% of amputated 
and healthy side, respectively.
Conclusions The present study resizes the role of over-
use on the aetiology of RCT. Cuff tear prevalence in not 
amputated shoulders, inevitably submitted to functional 
overload, was not higher than that of coetaneous subjects 
with two functional upper limbs. Shoulder non-use is a risk 
factor for rotator cuff tear. As the prevalence of rotator cuff 
degeneration/tear is higher in the amputee side, non-use is a 
more relevant risk factor than overuse. In the daily clinical 
practice, patients with rotator cuff tear should be encour-
aged to shoulder movement because rotator cuff tendon sta-
tus could be worsened by disuse.
Level of evidence III.
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Introduction

Some studies attribute the responsibility for rotator cuff 
tear to extrinsic factors. One of them, written by Neer in 
1972 [28], represents a milestone in orthopaedic culture. 
Neer hypothesized that the presence of a spur at the antero-
inferior aspect of the acromion might be the main cause of 
mechanical abrasion between the rotator cuff and the cora-
coacromial arch. According to the extrinsic theory, ana-
tomical structures are responsible for degenerative changes 
observed in shoulders with subacromial impingement [19]. 
In the 1980s and 1990s, this hypothesis was consolidated 
thanks to anatomical studies on acromion shape [4, 8]. Oh 
et al. [29] classified acromial spurs into distinct morpholo-
gies and suggested that the most common heel-type spur 

Abstract 
Purpose In order to evaluate whether overuse has a sig-
nificant role in rotator cuff tear (RCT) aetiology, we evalu-
ated both shoulders of patients with old unilateral arm 
amputation expecting a higher rate of RC degeneration in 
the healthy side.
Methods Nineteen males and six females (mean age: 
57.3 ± 10.1) with an old (>20 years) unilateral arm ampu-
tation were submitted to an MRI of both shoulders. Ten-
don status and muscle tropism were evaluated according 
to Sugaya and Fuchs classifications, respectively; the acro-
mion humeral distance was measured. Statistical analy-
sis was performed to verify the prevalence of Sugaya and 
Fuchs categories in each sides.
Results A significant prevalence of Sugaya type II in the 
amputated side (p = 0.02) and of type I in the healthy side 
(p < 0.001) was found. Rotator cuff was healthy in 28 and 
52% of amputated and non-amputated side, respectively. 
The mean acromio-humeral distances of the amputated and 
healthy side were 0.8 cm (SD: 0.1) and 0.9 cm (SD: 0.1), 
respectively, (p = 0.02). A significant prevalence of Fuchs 
type II category in the healthy side (p < 0.001) was found. 
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might be a risk factor for full thickness rotator cuff tears. 
A correlation between osteophytes of the inferior aspect of 
the acromio-clavicular joint and rotator cuff tear was also 
found [27, 31]. Other extrinsic factors are represented by 
tendon overloading and overuse [1, 25].

Tendon hypovascularity [3, 12, 14, 22, 34], age [15, 
26, 37], altered biology [21, 33] and smoking habit [2, 
6] are generally accepted as intrinsic factors. These are 
responsible for a series of cellular changes, particularly the 
increases in matrix metalloproteinases and reductions in 
tissue inhibitors of metalloproteinases [10, 17] increases in 
nitric oxide synthases [36] and chondroid metaplasia [24]. 
All of these changes alter the turnover rate and proliferation 
of collagen, leading to tendon degeneration and cellular 
apoptosis [16, 23, 40].

It is generally accepted that both factors play a role in 
the genesis of the rotator cuff tear, even if, recently, more 
responsibility has been assigned to the intrinsic ones.

Both shoulders of a group of patients with unilateral and 
old upper limb amputation were compared. If the hypoth-
esis that extrinsic factors have a significant role in the gene-
sis of rotator cuff tear is true, a higher rate of tendon degen-
eration and tear in the not amputated shoulder, which is 
inevitably submitted to overuse, was expected. This is the 
first study evaluating the role of both overuse and disuse 
in the same cohort of participants composed of upper limb 
amputated subjects.

Materials and methods

A cross-sectional study was performed. From the National 
Institute for Insurance Against Accidents in the Work-
place registry, 38 patients [29  M; 9F; mean age (range): 
61, 5 (44–70)] were identified. Inclusion criteria for all 
participants consisted of a unilateral traumatic upper limb 
amputation, proximally to the elbow, occurred more than 
20 years before.

Patients with history in one or both shoulders of 
gleno-humeral arthropathy; severe acromio-clavicular 
arthropathy; shoulder fractures; gleno-humeral and acro-
mio-clavicular instability; adhesive capsulitis; hyperten-
sion; diabetes; rheumatoid diseases and other autoim-
mune diseases were excluded. Amputated subjects who 
wear upper limb prostheses were also excluded. Finally, 
the studied group was composed of 28 amputee patients 
[21 M; 7F, mean age ± SD: 59.8 years (9.7)]. They were 
all submitted to an MRI (Radiology Department: Sie-
mens Magnetom Avanto Medical 76  ×  32; repetition 
time, 3200  ms; echo time, 85  ms) of both shoulders in 
the Radiology Centre of our Hospital in order to evaluate 
rotator cuff tendon status (structural and qualitative con-
dition) according to Sugaya classification [35] and rotator 
cuff muscle tropism according to Fuchs classification [9]. 

Oblique coronal, oblique sagittal and axial T2-weighted 
spin-echo MRIs images were obtained in all subjects. 
Coronal oblique shoulder images were in plane parallel 
to the supraspinatus tendon. The patients were examined 
in the supine position with the arm at the side, the palm 
facing up, and the hand under the hip in order to keep the 
shoulder motionless. The acromio-humeral distance of 
both shoulders was also measured in the participants with 
full thickness cuff tear. The acromio-humeral distance 
was calculated in coronal oblique projection as the dis-
tance between the most caudal point of acromion lower 
surface and the most cranial point of proximal humerus 
[13]. Both rotator cuff status and acromio-humeral dis-
tance were measured on every subject by three different 
physicians, in order to assess inter-operator reliability. 
The assessors performed their evaluation without being 
aware of one another and another’s assessment 1–24  h 
apart.

After the MRI, three participants were excluded (1: 
os acromiale; 1: shoulder arthrodesis; 1: humeral head 
enchondroma) so that the studied group was finally com-
posed of 25 participants (Fig. 1).

Statistical analysis

All the data were analysed by a single researcher. After 
using a Kolmogorov–Smirnov test to verify that the vari-
ables were normally distributed, we applied parametric 
tests.

According to Sugaya and Fuchs classification, two-
sided unpaired Mann–Whitney test was used to compare 
the side of amputation and non-amputated side. The Chi 
square test was used to analyse the prevalence of cate-
gory in each side and to evaluate the relationship between 
Sugaya and Fuchs classification.

Logistic regression was used to identify the risk of 
rotator cuff tear using “Sugaya category” as depend-
ent variable, and age and gender as independent vari-
ables. To properly apply the multiple regression model, 
we checked that data were normally distributed and we 
also assessed the linear relationship and multicollinearity 
between dependent variables and independent variables. 
The Statistical Package for Social Sciences (SPSS) ver-
sion 18 was used for calculations. Computed p-values 
were two-sided, and p < 0.05 was used to determine sta-
tistical significance.

A priori power calculation was performed according to 
Wilcoxon signed-rank test using G Power3 power analysis 
programme. At least 25 subjects were required for the study 
assuming a two tailed α value of 0.05 (sensitivity 95%), a 
β value 0.20 (study power: 80%) and an effect size of 0.50.
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Results

A total of 28 subjects were recruited, and 25 were eligi-
ble for inclusion. Baseline characteristics of the sample 
are presented in Table 1. The final sample was composed 
of 19 males and 6 females [mean age (standard devia-
tion, SD): 57.3 years (10.1)] with unilateral and proximal 
upper limb amputation.

The median time elapsed since the amputation was 
27.6 years (range: 22–38). The dominant side was ampu-
tated in 60% (N = 15) of participants.

Table 2 shows the healthy status of rotator cuffs in the 
studied group according to Sugaya classification. The gen-
eral tendency showed not significant repartitions between 
the amputated and the healthy side (n.s.). When each shoul-
der was separately evaluated, a significant prevalence of 
Sugaya type II category in the amputated side (χ2 = 12.5, 
p  =  0.02) and of Sugaya type I category in healthy side 
(χ2 = 25.5, p < 0.001) was found.

When the amputee side was considered, multiple 
regression analysis showed a not statistically significant 

Fig. 1  Flow chart of partici-
pants through the trial

Table 1  Baseline characteristics of patients

N Number, F female, M male, SD standard deviation

Total number of amputations 25
Gender 76% (N = 19) M, 24% (N = 6) F
Age (SD) 57.3 (10.1)
Amputation side
 Right 52% (N = 13)

  Left 48% (N = 12)

Table 2  Distribution of the sample according to Sugaya classifica-
tion

The hypothesis was that the two repartitions were identical. In bold 
the significant differences

Amputation side Health side

Type I 7 (28%) 13 (52%)
Type II 10 (40%) 7 (28%)
Type III 4 (16%) 2 (8%)
Type IV 1 (4%) 1 (4%)
Type V 3 (12%) 2 (8%)

χ2 = 12.5, p = 0.02 χ2 = 25.5, p < 0.001
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relationship between Sugaya category and age and gender 
(F ratio = 0.79; n.s.), whereas considering the healthy side, 
the proportion of variance in the dependent variable “Sug-
aya category”, explained by the independent variables, was 
19% (F ratio = 3.99; p = 0.03). Age influenced Sugaya cat-
egory with a standardized coefficients β of 0.52 (p = 0.01).

Considering only the 19 participants with no rotator cuff 
tear, the mean values of the acromio-humeral distance of 
the amputated and healthy side were 0.8 cm (SD: 0.1) and 
0.9 cm (SD: 0.1), respectively, and thus, a significant differ-
ence was found (p = 0.02).

Table  3 shows the number and proportion of sample 
according to Fuchs classification. The general tendency 
revealed different repartitions between the amputated 
and the healthy side (p  =  0.033), showing a significant 
prevalence of Fuchs type II in the healthy side (χ2 = 22.8, 
p < 0.001).

According to the sample frequency distribution based 
on Sugaya and Fuchs classifications, we found a signifi-
cant relationship between both the amputated (χ2 = 10.15, 
p = 0.001) and the healthy side (χ2 = 8.40, p = 0.004).

Discussion

The most important finding of the present study was that 
overuse does not have a significant role in the genesis of 
rotator cuff tear as suggested by the fact that rotator cuff 
degeneration rate was not significant higher in the healthy 
side, which is inevitably submitted to functional overload.

Males more frequently undergo occupational accidents. 
This explains why almost 80% of our patients were male. 
All of them are included in the registers of the national 
institute that deals with workplace accidents.

The dominant side corresponded with the amputee side 
in just more than half of the cases; it is due to the unpre-
dictability of trauma.

The studied group average age is similar to that of 
patients with cuff disease; it was due to the applied selec-
tion criteria. Since time elapsed from trauma was suf-
ficiently long (20 years), it is unlikely that, at the time of 
the amputation, our patients had already—on grounds of 
age—a degenerated or a torn cuff.

To our knowledge, there is no classification based on 
MRI scans that establishes the rotator cuff healthy status. 
Therefore, the Sugaya classification, which was conceived 
to assess the repair integrity of the rotator cuff after arthro-
scopic repair, but which is also well suitable for the evalua-
tion of not operated rotator cuff, was used.

Significant differences in repartition between the rotator 
cuff status of amputated and healthy side according to the 
five types of Sugaya classification were not found. Instead, 
a significant prevalence of Sugaya type II category (slightly 

degenerated cuff) in the amputated side and of type I cat-
egory (normal and healthy cuff) in healthy side was found. 
In addition, a partial or a full thickness tear was found in 
only 20% of the cuffs of the healthy side, while the percent-
age rose to 32% in the amputee side. Our results indicate 
that the cuff of the healthy side undergoes degeneration and 
rupture with increasing age, as it physiologically occurs. 
Analogously, Yamamoto et  al., evaluating 1094 asympto-
matic shoulders belonged to a population ranged from 22 
to 87 years, found a similar (16.9%) prevalence of cuff tear 
[39].

Furthermore, rotator cuff degeneration, and conse-
quently rotator cuff tear, is not affected by functional over-
load as suggested by our data. In fact, paradoxically, rotator 
cuff of the amputee side, which is inevitably submitted to 
minor functional stresses, is healthy in just 28% of cases 
compared with 52% of non-amputee side. This cannot 
be attributed to the decrease in subacromial space width, 
which was observed in the amputee side with respect to 
the healthy side, because the difference is less than 1 mm 
between the two groups. It is possible that a scarce nutri-
tional intake may be the main cause of the cuff degenera-
tion in the amputee side. This assumption could be sup-
ported by one or more of three possible explanations:

1. In 1970, Rathbun and McNab [32] hypothesized that 
the muscle–tendon vascularity of the supero-posterior 
cuff is “squeezed” when the arm is held in the resting 
position of neutral rotation and adduction, which is the 
position mostly assumed from the amputee shoulder. 
Therefore, according to this hypothesis, the rotator cuff 
of the amputee side would be scarcely vascularized.

2. To date, the possible effusion of the synovial fluid into 
the rotator cuff during shoulder motion has not been 
investigated. If this occurs, the poor mobility of the 
amputee limb would not allow synovial fluid effusion.

3. Significant differences between muscle belly status of 
amputated and healthy side according to five types of 
Fuchs classification were found; significant prevalence 
of Fuchs type II category in the healthy side was found. 

Table 3  Distribution of the sample according to Fuchs’ classification

* The hypothesis was that the 2 repartitions were identical. In bold 
the significant differences

Amputation side Healthy side p value*

Type 0 – 1 (4%) 0.033
Type I 8 (32%) 13 (52%)
Type II 7 (28%) 8 (32%)
Type III 5 (20%) 1(4%)
Type IV 5 (20%) 2 (8%)

χ2 = 1.08, p = 0.78 (n.s.) χ2 = 22.8, p < 0.001
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Fuchs degree of the muscle belly was III or IV in 40 
and 12% in the amputee and healthy side, respectively. 
Progressive muscular atrophy is the result of decreased 
protein synthesis and increased protein degradation 
at the cellular level. Protein synthesis is reduced due 
to a decrease in metabolic activity; the degradation of 
cellular proteins, carried out mainly through the way 
of the ubiquitin–proteasome, is stimulated by disuse, 
which activates the ubiquitin ligase, thus catalysing the 
union of the small ubiquitin peptide to the cellular pro-
teins and causing their degradation in the proteasomes 
[11, 20]. Consequent to progressive muscle atrophy, a 
reduction of the capillary-to-fibre ratio (C/F) occurred 
in skeletal muscle submitted to disuse [7, 38]. This 
ratio reflects the number of capillaries around a fibre. 
Increased interstitial collagen around vessels and mus-
cle fibres with disuse [5, 18] further separates the mus-
cle fibres from their reduced capillary supply, and can 
contribute with the capillary loss to hypoxia-induced 
atrophy of the muscle fibres [5]. The microcirculation 
can also be impaired by the characteristic interstitial 
fibrosis with disuse and cause capillary loss which in 
turn can trigger further fibrosis [18].

Based on these microvascular and structural changes, it 
is possible that the impairment of the vascular supply to the 
muscle results in a decrease in the nutritional contribution 
to the tendon itself provided by the muscle branches [30].

Surprisingly, some rotator cuff muscles of the amputee 
side preserved a good tropism. Other studies will be needed 
to determine which stimuli a scarcely used muscle can still 
receive.

Shoulder non-use is a risk factor for rotator cuff tear. As 
the prevalence of rotator cuff degeneration/tear is higher 
in the amputee side, non-use is a more relevant risk factor 
than overuse.

The limited cohort size is a limitation of this study; how-
ever, the strict inclusion and exclusion criteria make it dif-
ficult to recruit a large number of patients with an old trau-
matic upper limb amputation.

In the daily clinical practice, patients with rotator cuff 
tear should be encouraged to shoulder movement because 
rotator cuff tendon status could be worsened by disuse.

Conclusions

The present study resizes the role of overuse on the aetiol-
ogy of rotator cuff tear. In fact, in upper limb amputated 
patients, cuff tear prevalence in the healthy shoulder, inevi-
tably submitted to functional overload, was not higher than 
that of similar aged patients with two functional upper 
limbs.
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