
Partial thickness rotator cuff tears (PTRCTs) are a com-
mon pathology that causes shoulder pain and disability. 
Previous cadaveric and imaging studies reported that the 
prevalence of PTRCTs ranges from 13% to 32%.1-5) Despite 
its high prevalence, the information regarding PTRCTs is 
scarce. Only a few studies have described the natural his-
tory of PTRCTs, and the studies published on this topic 
have reported inconsistent results. Yamanaka and Mat-

sumoto reported that 80% of arthroscopically monitored 
PTRCTs eventually enlarged or progressed to full thick-
ness tears over 2 years.6) Mall et al.7) monitored 30 sub-
jects with asymptomatic PTRCTs and found that 10 tears 
became symptomatic; of these 10 tears, 40% progressed to 
full thickness rotator cuff tears. In contrast, Maman et al.8) 
managed 26 symptomatic PTRCTs nonoperatively and 
found that only 8% of the cases progressed in size on mag-
netic resonance imaging (MRI). 

Although various factors may affect the decision to 
perform surgery,3,9) in general, the failure of nonoperative 
treatment and tearing of > 50% of the tendon thickness 
are considered as important factors in determining surgi-
cal intervention.5) Historically, Ellman9) classified PTRCTs 
based on the percentage of tendon thickness involved in 
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the tear (grade 1, < 25%; grade 2, < 25%–50%; and grade 3, 
> 50%). In a recent biomechanical study, Mazzocca et al.10) 
found that PTRCTs involving > 50% of the tendon thick-
ness (high-grade PTRCTs) increased the strain on the re-
maining intact portion of the tendon, as compared with an 
intact tendon. Although several studies have shown good 
clinical results in patients who were surgically treated for 
high-grade PTRCTs,11-13) the natural history of high-grade 
PTRCTs remains unclear and the operative treatment of 
high-grade PTRCTs is still controversial. Further under-
standing of the natural history of high-grade PTRCTs 
could help identify patients at risk for tear progression and 
be expected to help orthopedic surgeons determine their 
therapeutic decisions. 

In the present study, we aimed to assess the clinical 
outcomes and the conversion rate to full thickness rotator 
cuff tears in patients with high-grade PTRCTs who were 
treated nonoperatively and to determine the factors asso-
ciated with tear progression. The hypothesis of this study 
was that a larger-than-expected proportion of PTRCTs 
would progress to full thickness tears.

METHODS

Cohort
Institutional Review Board of Seoul National University 
Bundang Hospital approved this study (IRB No. B-1512-
328-110). Clinical records of patients who had symp-
tomatic high-grade PTRCTs, diagnosed using MRI or 
ultrasonography (USG) between 2010 and 2017, were 
retrospectively analyzed. The patients received treatment 
with physiotherapy, nonsteroidal anti-inflammatory drugs, 
and subacromial or intra-articular steroid injections and 
were followed up clinically along with USG examinations 
at 6–12-month intervals. Inclusion criteria were (1) supra-
spinatus tears involving > 50% of the tendon thickness, re-
gardless of the presence of other tendon tears,9) (2) patients 
with a follow-up of at least 12 months, (3) patients who 
underwent 2 or more USG examinations, and (4) no trau-
matic episode throughout the study period. Exclusion cri-
teria were (1) other rotator cuff partial tears not including 
supraspinatus tears, (2) patients who underwent surgery 
before 12 months, (3) history of previous surgery in the af-
fected shoulder, and (4) history of fracture in the affected 
shoulder. During the study period, a total of 105 patients 
were identified to have symptomatic high-grade PTRCTs 
and undergo 2 or more USG examinations. Fifty-three of 
the 105 patients were excluded for the following reasons: 37 
were not followed up for more than 12 months, 10 under-
went surgery due to pain aggravation before 12 months, 3 

underwent surgery due to full thickness conversion before 
12 months, 3 had previous surgery on the affected shoul-
der. Finally, a total of 52 patients, including 18 male (34.6%) 
and 34 female (65.4%) patients, were enrolled. The aver-
age age of the included patients was 57 years (range, 34–70 
years). There were 30 articular- and 22 bursal-side partial 
thickness tears. The minimum follow-up duration was 12 
months, and the mean follow-up duration was 34 months 
(standard deviation, 19.3 months; range, 12–105 months). 

Clinical Assessment
At the initial diagnosis, active range of motion (ROM) 
measurements were performed by fellowship trained or-
thopedic surgeons using a standardized method involving 
a goniometer.14,15) Functional assessments were performed 
using the Constant-Murley score and simple shoulder test. 
The follow-up examinations, performed at 6- to 12-month 
intervals, involved all the components of the initial clinical 
assessment, including USG.

Age, sex, body mass index (BMI), symptom dura-
tion, involved side, subscapularis tendon involvement, 
tear location (articular-side or bursal-side PTRCTs), and 
trauma history were compared between patients with and 
without conversion to full thickness tears.

Imaging
All the patients with suspected rotator cuff tears were 
recommended to undergo USG for further evaluation at 
the initial visit except for some patients who had already 
undergone MRI at other clinics. USG was performed by 
trained musculoskeletal radiologists using a standardized 
method (iU22 ultrasound scanner; Philips Healthcare, 
Bothell, WA, USA). A high-grade PTRCT was diagnosed in 
cases with a flattening of the bursal side involving > 50% of 
the tendon thickness (a bursal-side partial thickness tear) or 
a distinct hypoechoic or mixed hyperechoic and hypoechoic 
defect involving > 50% of the tendon thickness at the deep 
articular side of the tendon (an articular-side partial thick-
ness tear).16,17) Full thickness conversion was defined as the 
complete disruption of tendon continuity at the normal ten-
don footprint on the greater tuberosity. In the present study, 
a full thickness conversion rather than an increase in tear 
size was only regarded as meaningful enlargement.

Statistical Analysis 
All statistical analyses were performed with IBM SPSS ver. 
20.0 (IBM Corp., Armonk, NY, USA), and p-values < 0.05 
were considered statistically significant. Student t-test, 
paired t-test, or Mann-Whitney test was used for the com-
parison of continuous variables such as ROM, functional 
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score, age, BMI, and symptom duration. Moreover, the chi-
square test or Fisher exact test was used for comparison 
of categorical variables including sex, involved side, sub-
scapularis tendon involvement, trauma history, and tear 
location. A Kaplan-Meier plot was used to determine the 
full thickness conversion rate.

RESULTS

At the most recent visit, the partial thickness tears in 16 
patients (30.8%) had progressed to full thickness tears, and 
the conversion was noted within 3 years in 10 (62.5%) of 
these 16 cases. Six patients (37.5%) underwent arthroscop-
ic rotator cuff repair surgery, whereas the remaining 10 pa-
tients were managed conservatively due to old age or low 
activity demand. The median time to full thickness con-
version was 37.6 ± 20.6 months (range, 14–105 months) 
and the median observation time of the no change group 
was 30.8 ± 16.8 months (range, 12–69 months). The aver-
age number of examinations was 4.8 ± 1.9 (range, 2–8) in 
the full thickness conversion group and 4.1 ± 1.1 (range, 
3–7) in the no change group. There was no significant dif-
ference in observation time (p = 0.218) and frequency of 
examination (p = 0.177) between 2 groups. The Kaplan-
Meier plotting, which described the progress of partial 
thickness tears with full thickness conversion as the end-
point, indicated a full thickness conversion rate of 4.5% at 
1 year, 23.2% at 2 years, 33.1% at 3 years, and 64.0% at 4 
years (Fig. 1). 

The Constant score improved from 71.6 to 78.8 in 
patients with full thickness conversion and from 69.4 to 81.0 
in those without (p = 0.231). The simple shoulder test im-
proved from 7.6 to 8.7 in patients with full thickness conver-
sion and from 6.8 to 8.5 in those without (p = 0.320). There 

was no difference in the functional results between patients 
with and without full thickness conversion (Table 1). 

The full thickness conversion rate was higher in pa-
tients with subscapularis tendon involvement (p = 0.012). 
Moreover, partial thickness tears of the subscapularis ten-
don were observed in 50.0% of patients with full thickness 
conversion and in 13.9% of patients with no progression. 
None of the patients exhibited a full thickness tear of the 
subscapularis tendon. In addition, there was no associa-
tion between the full thickness conversion rate and sex 
(p = 0.367), age (p = 0.780), BMI (p = 0.402), symptom 
duration (p = 0.194), involved side (p = 0.229), and pres-
ence of trauma history at the time of onset (p = 0.140). In 
addition, the tear location (articular or bursal side) did not 
affect the full thickness conversion rate (p = 0.888) (Table 
2). 

DISCUSSION

In the present study, a large proportion of cases with su-
praspinatus high-grade partial thickness tears (30.8%) 
progressed to full thickness tears, and the full thickness 
conversion rate was found to be correlated with the pres-
ence of partial thickness subscapularis tears (p = 0.012). 
Several studies have been reported on the natural course 
of full thickness rotator cuff tears. However, to our knowl-
edge, this is the first study that specifically focuses on the 
natural course of high-grade PTRCTs.

The development of imaging modalities such as 
MRI and USG has enabled the detection of an increas-
ing number of PTRCTs.18) Despite its high prevalence,1-5) 
the data on the natural history of PTRCTs are relatively 
scarce. Maman et al.8) reported that more than half (52%) 
of the cases with full thickness tears exhibited an increase 
in size, as compared to only 8% of the PTRCTs. Mall et 
al.7) showed that 40% of the PTRCTs had progressed to 
full thickness tears. Moosmayer et al.19) indicated that a 
considerable percentage of asymptomatic rotator cuff tears 
became symptomatic and showed anatomical deteriora-
tion. Recently, Keener et al.20) evaluated the survivorship in 
cases of asymptomatic degenerative rotator cuff tears: en-
largement was observed in 61% of full thickness tear cases 
and 44% of the partial thickness tears were associated with 
the onset of new pain. These studies had a small number 
of patients with PTRCTs and did not assess the factors as-
sociated with tear progression. 

The present study indicated a high risk of full thick-
ness conversion over a relatively short time. At a median 
duration of 31 months, 30.8% of high-grade PTRCTs 
exhibited conversion to full thickness tears. The full thick-Fig. 1. Kaplan-Meier survival curve for full thickness conversion.
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ness conversion rate in the present study is slightly higher 
than the rates in previous studies on nonoperatively 
treated PTRCTs. Maman et al.8) reported that only 8% 
of PTRCTs exhibited conversion to full thickness tears, 
and Keener et al.20) observed that approximately 20% of 
PTRCTs progressed to full thickness tears. Although Mall 
et al.7) observed a higher rate of full thickness conversion 
(40%), they included only 10 subjects. One reason for the 
high incidence of full thickness conversion in the present 
study, as compared to other studies, might be related to 
the inclusion of only high-grade PTRCTs. In a study by 
Matthewson et al.,5) only 8% of 37 PTRCTs progressed to 
full thickness tears at an average follow-up of 53 months 
after nonoperative treatment, whereas among the patients 
with tears > 50% thickness, tear progression was observed 
in 55% of cases. In a biomechanical study, Mazzocca et 
al.10) found that compared with an intact tendon, PTRCTs 
involving > 50% of the tendon thickness increased the 
strain on the remaining intact portion of the tendon. Thus, 
high-grade PTRCTs have a low potential for spontaneous 
healing and high risk of full thickness conversion. In the 
present study, we confirmed that a considerably large per-

Table 1. Functional Assessment between the FT Conversion Group and No Progression Group

Variable FT conversion No progression p-value*

Forward flexion 0.433

   Initial  152 ± 19.9  148.2 ± 17.6

  Last FU 161.3 ± 11.0 161.7 ± 8.0

  Change  8.8 ± 21.2  13.5 ± 15.9

Internal rotation at back 0.800

  Initial 10.2 ± 4.8  10.0 ± 3.8

  Last FU  8.3 ± 2.6  7.8 ± 2.2

  Change  1.9 ± 4.6  2.2 ± 2.8

Constant-Murley score 0.231

  Initial  71.6 ± 11.4  69.4 ± 10.6

  Last FU 78.8 ± 8.2  81.0 ± 6.5

  Change  7.2 ± 12.3  11.6 ± 10.8

Simple shoulder test 0.320

  Initial  7.6 ± 1.8  6.8 ± 1.3

  Last FU  8.7 ± 1.6  8.5 ± 1.0

  Change  1.1 ± 2.4  1.8 ± 1.5

Values are presented as mean ± standard deviation. 
FT: full thickness, FU: follow-up.
*Statistically significant difference between groups (p < 0.05).

Table 2. Association between Clinical Factors and Tear Progression

Variable Full thickness 
conversion No change p-value*

Sex (male : female) 7 : 9 11 : 25 0.367

Age (yr) 56.1 ± 7.6 56.8 ± 7.9 0.780

Body mass index (kg/m2) 23.9 ± 1.6 24.5 ± 3.3 0.402

Symptom duration (mo)  39.5 ± 23.4  30.8 ± 16.8 0.194

Involved side (Rt : Lt) 11 : 5  17 : 19 0.229

SSC involvement (+ : –)  8 : 8 31 : 5 0.012

Tear location  
(articular : bursal)

 9 : 7  21 : 15 0.888

Trauma history (+ : –)  1 : 15  10 : 26 0.140

Values are presented as mean ± standard deviation. 
Rt: right, Lt: left, SSC: subscapularis tendon.
*Statistically significant difference between groups (p < 0.05).
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centage of high-grade PTRCTs progressed to full thickness 
tears despite the improvement in functional scores. Hence, 
we believe that high-grade PTRCTs should be managed 
differently from low-grade PTRCTs and monitored regu-
larly, regardless of the presence of symptoms.

 The present study showed a statistically significant 
association between tear progression and subscapularis 
tendon involvement (p = 0.012). A subscapularis partial 
thickness tear was observed in 50% of patients in the full 
thickness conversion group and in 13.6% of patients in 
the no progression group. Although force couple theory 
is commonly applied to large rotator cuff tears, the bio-
mechanical importance of the subscapularis tendon has 
been emphasized in this theory proposed by Burkhart21) 
Several recent studies have investigated the biomechani-
cal role in subscapularis tears, and some of these studies 
have described the effect of partial thickness subscapularis 
tears. Marquardt et el.22) reported that the intra-articular 
portion of the subscapularis tendon increased glenohu-
meral translation in all directions. In addition, Yoo et al.23) 
showed an increase in external rotation and superior shift 
in the humeral head apex position in cases with subscapu-
laris partial thickness tears. Such biomechanical changes 
in subscapularis partial thickness tears may increase the 
strain on the supraspinatus tendon, which could then be 
vulnerable to conversion to full thickness tears. Jost et al.24) 
reported that isolated supraspinatus tears might experi-
ence less severe degeneration over time, and this finding 
was also consistent with the results of this study. 

The present study has certain limitations. The first 
main limitation is related to the retrospective design of 
this study. Some patients diagnosed as having high-grade 
PTRCTs at the initial diagnosis were excluded from the 
study due to follow-up loss. As described in the materials 
and methods section, during the study period, a total of 
105 patients with symptomatic high-grade PTRCTs were 
identified and underwent 2 or more USG examinations. 
Among them, 37 patients were not followed up for more 
than 12 months. It is likely that either these patients had 
improvement and did not return for follow-up or that the 
nonoperative treatment performed at our clinic failed and 
they received treatment at another clinic. Moreover, the 
long study period (between 2010 and 2017) could have 
affected the results. Second, different imaging modalities 
(MRI and USG) were used for evaluation. Some patients 
underwent MRI before presenting to our clinic. This could 
have partially affected the assessment of the progression 
of tear size at the final follow-up. However, the number 
of patients who had undergone MRI at another clinic was 
small (7 patients, 13.5%), and all these patients exhibited a 

similar tear size at the follow-up after the initial diagnosis. 
Hence, we do not believe that the difference in imaging 
modality for evaluation markedly affected the outcome 
of tear progression. Third, progression of horizontal tears 
was not considered in this study. Several previous stud-
ies showed that the diagnostic performance of USG and 
MRI was similar for detecting PTRCTs.16,25) However, 
both USG and MRI had poor sensitivity for identifying 
the size of PTRCTs; USG correctly predicted the width 
of 54% and length of 87% of PTRCTs and MRI correctly 
predicted the width of 75% and length of 75% of PTRCTs 
when compared with arthroscopic findings.16) Moreover, 
subscapularis tears could be more difficult to evaluate with 
these imaging modalities. Therefore, in the present study, 
only full thickness conversion was regarded as meaning-
ful enlargement rather than the presence of an increase in 
tear size. Fourth, the correct progression time could not 
be identified because of the follow-up interval. If a patient 
showed no progression at the 12-month follow-up and 
showed progression at 24 months, the progression time 
of this patient was considered as 24 months. On the other 
hand, if a patient showed no progression at 12-month 
follow-up and showed progression at 18 months, the pro-
gression time of this patient was considered as 18 months. 
However, both patients could have progression at the same 
14 months after the initial visit. Finally, there are some fac-
tors that should be considered when interpreting the re-
sults. According to the exclusion criteria, 13 patients were 
excluded from the study: 10 patients who had surgery due 
to aggravation of pain and 3 patients who had progression 
to a full thickness tear before the minimum follow-up of 
12 months. There was no significant clinical difference 
between the full thickness conversion and non-conversion 
groups. It might be due to this exclusion. However, they 
did not meet the minimum follow-up period; therefore, it 
was thought be to suitable to exclude them from the data 
analysis in view of data management. Additionally, there 
is no agreement that patients with high-grade PTRCTs 
should undergo surgery if there was no response to the 
conservative treatment. We thought that it was important 
to confirm the progression of the remaining high-grade 
PTRCTs, which was the inclusion criteria of this study. 
Despite such limitations, the present study is the first study 
to investigate the natural history of high-grade PTRCTs 
and the factors associated with tear progression. Our find-
ings could be useful for orthopedic surgeons to determine 
the progression of high-grade PTRCTs and guide them in 
patient management.

In conclusion, in the present study of nonoperatively 
treated high-grade PTRCTs, a considerably large propor-
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tion of cases progressed to full thickness tears. Therefore, 
regular monitoring of tear progression is advised after 
conservative treatment of high-grade PTRCTs, especially 
in patients with subscapularis tendon involvement.
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