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Abstract
Purpose  Post-operative shoulder stiffness (SS) is a common complication after arthroscopic rotator cuff (RC) repair. The 
aim of this prospective study is to evaluate the role of surgical risk factors in the development of this complication, with 
special focus on the characteristics of the RC tears.
Methods  Two-hundred and twenty patients who underwent arthroscopic RC repair for degenerative posterosuperior RC tears 
were included. Surgery-related risk factors for development of post-operative SS belonging to the following five categories 
were documented and analyzed: previous surgery, RC tear characteristics, hardware and repair type, concomitant procedures, 
time and duration of surgery. The incidence of post-operative SS was evaluated according to the criteria described by Brislin 
and colleagues.
Results  The incidence of post-operative SS was 8.64%. The treatment of partial lesions by tear completion and repair tech-
nique was significantly associated with development of post-operative SS (p = 0.0083, pc = 0.04). A multivariate analysis 
revealed that treatment of partial lesions in patients younger than 60 years was associated to a higher risk of developing post-
operative SS (p = 0.007). Previously known pre-operative risk factors such as female sex and younger age were confirmed. 
No other significant associations were documented.
Conclusion  The treatment of partial lesions of the RC may lead to a higher risk of post-operative SS than the treatment of 
complete lesions, in particular in patients younger than 60 years. Possible explanations of this finding are the increased release 
of pro-inflammatory cytokines caused by the additional surgical trauma needed to complete the lesion and the different pain 
perception of the subgroup of patients who require surgical treatment already for partial tears.
Evidence  A higher risk of post-operative SS should be expected after tear completion and repair of partial lesions, espe-
cially in young patients. Appropriate pre-operative counseling and post-operative rehabilitation should be considered when 
approaching this subgroup of RC tears.
Level of evidence  Prognostic study, level II.

Keywords  Rotator cuff repair · Shoulder stiffness · Frozen shoulder · Adhesive capsulitis · Shoulder · Arthroscopy · Partial 
tear

Introduction

Rotator cuff (RC) tears are one of the most common causes 
for shoulder pain and disability among the general popula-
tion [1, 2]. With the growing age of the population and the 
increasing number of athletically active elderly, RC tears 
have required a larger number of surgical repairs. In the last 
decades, we have witnessed an important improvement of 
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arthroscopic surgery and nowadays shoulder arthroscopy is 
considered the gold standard for RC tears repair, because 
it is safe, effective and with a success rate comparable to 
open surgery also at long-term follow-up [3–7]. Shoulder 
stiffness (SS) is a condition characterized by a painful reduc-
tion of both active and passive range of motion (ROM) and 
it is known to be a frequent complication of arthroscopic 
RC repair, which is described with variable incidence rang-
ing between 1.5 and 32.7% [8, 9]. Different theories have 
been formulated to understand the mechanism behind post-
operative SS, but the exact etiology has not been clarified 
yet. A surgery-related pro-inflammatory cytokine cascade 
appears likely to trigger fibrotic changes into the capsule and 
subsequent capsular contracture, fibroblast phenotypic shift 
and collagen deposition leading to adhesions [2, 8, 10–13].

Previous studies already investigated the role of surgery-
related risk factors, in particular focusing on tear size, 
number of involved tendons, presence of additional lesions 
and surgical technique. However, no consensus has been 
obtained on the role of RC tear characteristics, with some 
authors claiming that partial tears and small sized tears are 
in strong correlation with the onset of post-operative SS, 
while other documenting an association between larger tears 
and SS [2, 3, 9, 14]. Furthermore, details on repair type and 
presence or treatment of associated conditions have only 
been scarcely investigated [3, 9, 15]. The goal of this study is 
to evaluate the incidence of post-operative SS and to investi-
gate the role of five classes of surgery-related risk factors in 
the development of this complication, with special attention 
to the role of RC tear characteristics. The study hypothesis 
was that the treatment of partial and complete RC tears leads 
to a different risk of developing post-operative SS.

Materials and methods

Patients referring to our institution to undergo arthroscopic 
RC repair for degenerative posterosuperior RC tears were 
assessed for eligibility. Patients with acute traumatic RC 
tears, shoulder instability, or presence of unequivocally 
diagnosed concomitant disorders of the shoulder, including 
fractures, glenohumeral arthritis, osteonecrosis or infection 
were excluded. Patients with clinical signs of pre-operative 
shoulder stiffness were excluded. Patients with isolated sub-
scapularis tears and isolated bicipital pathology were also 
excluded.

All surgeries were performed under sedation and brachial 
plexus block by a single surgeon with extensive experience 
in shoulder arthroscopy. The patient was positioned in lateral 
decubitus, with a traction device keeping the upper limb 
kept at approximately 30° of flexion and 30° of abduction. 
Diagnostic arthroscopy was performed from standard poste-
rior, midglenoid and lateral portals; the size of the tear was 

classified according to the Southern California Orthopaedic 
Institute (SCOI) classification [16] and the presence of intra-
articular pathology was documented.

Either a standard single-row repair with titanium suture 
anchors (Super Revo® FT and ThRevo® FT Suture Anchors, 
Conmed, Utica, NY, USA) or a transosseous repair tech-
nique (Arthrotunneler™, Tornier, Bloomington, MN, USA) 
were used to address complete RC lesions, according to the 
surgeon’s preference. All partial lesions were completed and 
then treated with a single-row repair (Tear Completion and 
Repair technique, TCR). Acromioplasty was performed with 
Sampson’s cutting block technique in patients with type 2 
or 3 acromial morphology according to Bigliani’s classifi-
cation [17]. All the patients were operated by a single sur-
geon (P.S.R.). During and after surgery, information on five 
classes of intra-operative risk factors (Table 1) was collected 
by two examiners not involved in the tendon repair proce-
dure and entered into a spreadsheet for analysis (F.M.F., 
S.M.).

The same rehabilitation protocol was adopted for all 
patients, regardless of lesion characteristics and repair 
technique used. Immediately after surgery, the shoulder 
was placed in a sling (Ultrasling II; Don Joy, Carlsbad, 
CA, USA). The day after surgery, patients were discharged 
with the recommendation to wear the sling all day long for 
28 days (removal was allowed to perform personal hygiene 
and to eat) and instruction to perform early self-assisted light 
passive ROM exercises and exercises to mobilize the scapu-
lothoracic joint, the elbow and the hand. Beginning from the 
29th post-operative day, formal passive rehabilitation was 
initiated, under guidance of a dedicated physical therapist. 
Goals of this phase were full ROM recovery and, as soon 
as a satisfactory passive ROM was reached, begin of active 

Table 1   List of the surgery-related risk factors evaluated in the study, 
grouped into five categories

OR operating room, SCOI Southern California Orthopaedic Institute

Previous surgery Open surgery
Arthroscopic surgery

RC tear characteristics Size of the tear (SCOI classification)
Associated subscapularis lesion

Hardware Hardware type (metal or all-suture)
Number of bone drills

Associated procedures LHB procedures
Subscapularis procedures
Acromioplasty
Associated capsular procedures
Associated procedures on the acro-

mioclavicular joint
Biological augmentation

OR-Time Surgical time
Position in the OR-list
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training. The third phase of the rehabilitation, centered on 
regaining full muscle strength, started at end of the second 
month.

Post-operative SS was evaluated during routine post-
operative follow-up visits and defined as the persistence of a 
motion deficit in passive external rotation (with the arm at the 
side: less than 10°; with the arm in 90° abduction: less than 
30°), or in passive forward flexion (less than 100°) for at least 
90 days post-operatively, as described by Brislin et al. [18].

Institutional review board approval was obtained by the 
local Ethical Committee (authorization number Fondazione 
IRCCS Ca' Granda Ospedale Maggiore Policlinico—Milano 
Area 2, Lombardia, Milan, n°123/2017, Milan, 27-02-2017).

Statistical analysis

A power analysis prior to study begin indicated that a mini-
mal sample size of 220 patients was sufficient to test the 
hypothesis that the treatment of partial and complete RC 
tears leads to a different risk of developing post-operative 
SS (chi-square test, α 0.05, β 0.8), assuming a 10% of post-
operative SS and a difference of 30% of partial/complete RC 
between groups (development or not of SS).

Statistical analysis (A.D.S., A.M.) was performed using 
GraphPad Prism v 6.0 software (GraphPad Software Inc.) 
and Stata 16.1 (StataCorp USA).

Prevalence of post-operative SS is presented with 95% 
confidence interval (95% CI). Continuous variables were 
expressed as the mean ± standard deviation (SD) or medians 
and first and third quartiles [Q1–Q3], as appropriate. The 
Shapiro–Wilk normality test was used to evaluate the normal 
distribution of the sample and, if the null hypothesis of this 
test could not be rejected, the non-parametric Mann–Whit-
ney test (U test) was applied for the analysis of the samples. 
Variables with a Gaussian distribution were analyzed with 
Student’s t test.

Categorical variables are expressed in numbers of cases 
and frequencies; their differences were tested using with the 
chi-square test or Fisher’s exact test. For all analyses, the sig-
nificance level was set at p value lower than 0.05; to evaluate 
the associations between intra-operative factors and develop-
ment of post-operative SS, a post hoc Bonferroni correction 
was applied taking into account the number of independent 
tests performed (i.e., the five categories in the first column of 
Table 3). A multivariate analysis with an interaction model 
was performed to adjust the results of the univariate analysis 
considering age and gender of the included patients.

Results

Three hundred and eighty-five consecutive patients with 
indication for arthroscopic shoulder surgery were con-
sidered for inclusion over a period of 30 months and 235 
meeting inclusion criteria were enrolled. Complete surgical 
and follow-up data for 220 patients were collected. For the 
remaining 15 patients, no follow-up data were available due 
to lack of compliance with the study protocol requirements.

Patients’ demographics are shown in Table 2 and tears 
distribution according to the SCOI classification is illus-
trated in Fig. 1.

A post-operative SS developed in 19 patients, represent-
ing an incidence of 8.64% [95% CI 5.3–13.2]. A significant 
dominance of younger patients (p = 0.0041) and females 
(p = 0.0005) was observed in the group who developed post-
operative SS.

A significant association was found between the treatment 
of partial lesions and the development of post-operative SS 
(p = 0.0083; pc = 0.04). No other risk factors maintained 
statistical significance after Bonferroni correction. Specifi-
cally, presence of previous surgery, treatment of associated 
lesions, number of anchors or tunnel used, and surgical 
time did not appear to significantly affect the development 

Table 2   Patient’s demographics

Bold values indicate statistically significant differences
Continuous variables were expressed as mean ± standard deviation (SD) or as median and interquartile range (first and third quartiles, Q1–Q3), 
as appropriate, while the dichotomous variables are expressed in numbers of cases and frequencies
BMI body mass index, F/M female/male, L/R left/right, n.s. not significant, SS + post-operative shoulder stiffness, SS − no post-operative shoul-
der stiffness, Y/N yes/no

Group Overall Post-operative SS+ Post-operative SS − p value

Age (years) 59.70 (± 9.64) 53.31 (± 9.81) 60.31 (± 9.42) 0.0023
BMI (kg/m2) 25.66 (± 3.74) 24.32 (± 4.07) 25.78 (± 3.69) 0.1030 (n.s.)
Gender (F/M ratio) 0.52/0.48 0.89/0.11 0.48 /0.52 0.0005
Dominant side (L/R ratio) 0.04 /0.96 0.05 /0.95 0.04 /0.96 0.5634 (n.s.)
Surgery on dominant side (Y/N ratio) 0.62/0.38 0.73/0.27 0.64/0.36 0.0814 (n.s.)
Follow-up (months) 13.83 [8.85–20.92] 10.76 [8.86–14.23] 14.39 [8.85–21.35] 0.1202 (n.s.)
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Fig. 1   Distribution of rota-
tor cuff (RC) tears across the 
study population, according 
to the SCOI classification. A 
distribution of complete RC 
tears; B distribution of partial 
RC tears, grouped as macro-
categories “articular”, “bursal” 
and “combined articular and 
bursal”; C distribution of partial 
RC tears, grouped for tear 
types, according to the Southern 
California Orthopaedic Institute 
(SCOI) classification; since in 
some tears, articular and bursal 
lesions coexisted, the sum of all 
columns exceeds 100%

Table 3   Summary of the main results for the study population

Bold values indicate statistically significant differences
Continuous variables were expressed as mean ± standard deviation (SD) or as median and interquartile range (first and third quartiles, Q1–Q3), 
as appropriate, while the dichotomous variables are expressed in numbers of cases and frequencies. Dichotomous variables are expressed in 
numbers of cases and frequencies. After Bonferroni correction, statistical significance was set at a level of 0.01
ACJ acromioclavicular joint, LHB long head of the biceps, No. number, n.s. not significant, OR operating room, RC rotator cuff, SS+ post-opera-
tive shoulder stiffness, SS− no post-operative shoulder stiffness, SSc Subscapularis, Y/N yes/no

Overall Post-operative SS+ Post-operative SS− p value

Previous surgery
Open (Y/N ratio) 0.04/0.96 0.05/0.95 0.04/0.96 0.6027 (n.s.)
Arthroscopic (Y/N ratio) 0.09/0.91 0.21/0.79 0.08/0.92 0.0916 (n.s.)
RC tear characteristics
Partial (Y/N ratio) 0.18/0.82 0.42/0.58 0.15/0.85 0.0083 (0.04)
C1 (Y/N ratio) 0.23/0.77 0.16/0.84 0.23/0.77 0.5753 (n.s.)
C2 (Y/N ratio) 0.32/0.68 0.32/0.68 0.32/0.68 1.0000 (n.s.)
C3–C4 (Y/N ratio) 0.27/0.77 0.10/0.90 0.29/0.71 0.1082 (n.s.)
SSc tear (Y/N ratio) 0.17/0.87 0/1 0.18/0.82 0.0490 (n.s.)
Hardware
Type (metal/all-suture ratio) 0.92/0.08 0.89/0.11 0.92/0.08 0.6465 (n.s.)
No. bone drills 1.00 [1.00–2.00] 1.00 [1.00–1.00] 1.00 [1.00–2.00] 0.0202 (n.s.)
Associated procedures
LHB (Y/N ratio) 0.71/0.29 0.58/0.42 0.72/0.28 0.1942 (n.s.)
SSc repair (Y/N ratio) 0.14/0.86 0/1 0.15/0.85 0.0828 (n.s.)
Acromioplasty (Y/N ratio) 0.96/0.04 0.89/0.11 0.97/0.03 0.1447 (n.s.)
Capsule (Y/N ratio) 0.04/0.96 0.05/0.95 0.04/0.96 0.5634 (n.s.)
ACJ (Y/N ratio) 0.04/0.96 0.10/0.90 0.03/0.97 0.1447 (n.s.)
Biologics (Y/N ratio) 0.04/0.96 0.10/0.90 0.04/0.96 0.2096 (n.s.)
OR time
Surgical time 60.00 [50.00–80.00] 45.00 [40.00–75.00] 65.00 [50.00–80.00] 0.0708 (n.s.)
OR Position (first 3/last 3 ratio) 0.52/0.48 0.58/0.42 0.51/0.49 0.6370 (n.s.)
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of post-operative SS in the study cohort. The main results 
of the corrected univariate analysis are summarized in 
Table 3. Multivariate analysis confirmed that patients older 
than 60 years receiving treatment of complete lesions were 
protected against the development post-operative SS as com-
pared to younger ones with partial tears (OR 0.161; 95% CI 
0.042–0.614, p = 0.007).

Discussion

The main finding of this study is that the risk of develop-
ing post-operative SS is increased in young patients under-
going arthroscopic RC repair for the treatment of partial 
lesions with a TCR technique. SS is a condition of restric-
tion in active and passive glenohumeral ROM, which can 
arise spontaneously or as consequence of a known cause, 
for which numerous risk factors have been described, but 
the exact etiology of which is not fully explained yet [2, 
19, 20]. Post-operative SS is a subgroup of secondary 
SS, arising after surgical interventions around the shoul-
der joint and being probably related to the development of 
adhesion within soft tissue layers and capsular contractures 
[8]. Although the lack of consensus over the definition of 
“post-operative SS” leads to inhomogeneous reporting of 
this complication [8, 21] it is well known and recognized 
as a frequent undesired event after RC repair, with an inci-
dence range from 1.5 to 11.1% [22] with the currently larg-
est series reporting an incidence of 4.9% [3]. Our results 
in term of incidence of post-operative SS fall within the 
range of previously published series [3, 9, 14, 22–24]. As 
compared to the currently largest available series reporting 
on this complication, the incidence in the current cohort 
is slightly higher (4.9% according to Huberty et al., 8.64% 
in our series), possibly due to the stricter and more objec-
tive definition of SS used in our study, less prone to ruling 
out satisfied stiff patients[3]. In their series, Huberty et al. 
also observed that patients with single-tendon tears, smaller 
tears, and partial articular-sided tendon avulsion lesions 
were more likely to develop post-operative SS than those 
with full-thickness tears, larger in size, and/or involving 
more tendons, highlighting the relevance of surgery-related 
factors in the development of post-operative SS [3]. Simi-
larly, Peters et al. measured an inferior ROM in abduction 
and external rotation and documented greater difficulty with 
reaching behind the back and with overhead activities six 
months after TCR of partial-thickness tears as compared to 
repair of full-thickness ones, however without obtaining a 
statistical significance in their results [14]. A recent clinical 
registry study by Audigé et al. also documented a similar 
rate of post-operative SS and identified partial tears treat-
ment as a risk factor for developing post-operative SS [25]. 
Our study could also confirm that treatment of partial RC 

lesions with TCR is a risk factor for the development of 
post-operative SS. This finding can be explained according 
to three different causal clusters: mechanical, biological, and 
psychological factors.

Although generally believed to achieve uncomplicated 
complete healing, partial RC tears develop in a setting of 
poor tendon quality, which indeed leads to a substantial 
failure rate [14, 26]. As a possible explanation to this find-
ing, Chung et al. described a higher grades of tendinosis 
in partial-thickness lesions than in full-thickness ones [27]. 
Such difference in tendon quality could derive from the 
tension mismatch between the layers of the partially torn 
tendon (which cease after full-thickness tendon tear), lead-
ing to microtears and tendinosis in a higher frequency in 
partial than in complete tears as well as from microvascular 
changes [28, 29]. Tendinosis can, hence, cause alteration 
of tendon mechanical properties and local inflammatory 
response, potentially negatively affecting tissue healing 
and rehabilitation [27, 29]. The biological response after 
TCR of partial RC tears is a further possible explanation to 
the higher rate of post-operative SS encountered in patient 
undergoing treatment of partial tears. As any additional sur-
gical trauma, tear completion can provoke a more intense 
release of pro-inflammatory cytokines [30–32]. Release of 
pro-inflammatory cytokines, such as IL-1, IL-6 and TNFα, is 
one of the main events in the inflammatory cascade after sur-
gical trauma, correlating to its extent [31–35]. These same 
cytokines play major role in dysregulation of the balance 
between matrix metalloproteinases and their inhibitors and 
in inducing phenotypic shift from fibroblasts to myofibro-
blasts, which are key events in the development of SS [10, 
36, 37]. Nevertheless, the incidence of post-operative SS 
encountered in our series appears higher than previously 
published reports [38–40], with the exception of the series 
by Peters et al. [14] and Seo et al. [9]; however, different 
populations were investigated across those studies and varia-
ble goals, SS definitions and sample size were chosen, which 
makes objective comparison of the results difficult.

A final element possibly contributing to the higher inci-
dence of post-operative SS in patients undergoing treat-
ment of partial RC tears is pain perception: the subgroup of 
patients who require treatment for partial tears may have a 
tendency to localize shoulder pain in a more severe way: on 
one side, this implies requiring surgery already with smaller 
tears and, on the other side, the possibility of developing 
more a painful complication, such as SS more frequently. 
Studies on pain perception before and after shoulder sur-
gery are limited and none explored the possible relation 
between the size of the RC tear and the level of perceived 
pain perceive in case of SS. Candela et al. investigated SS-
related pain and its distribution: no correlation was reported 
between level of pain and age or affected side, but between 
female sex and higher grade of perceived pain. The authors 
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suggest that a different nociceptive pain processing deter-
mined by sexual hormones leading to a higher central pain 
sensitization in females could explain these results [41]. 
Psychological factors, such as anxiety and depression, are 
also known to affect the grade of pain perception, symptoms 
duration and disability [42, 43]. In a recent study on patients 
undergoing arthroscopic RC repair, Thorpe et al. [44] evalu-
ated cognitive psychologic factors, such as catastrophizing, 
negative pain belief and low pain self-efficacy, suggesting 
they could all be predictive of worse functional outcomes. 
On the other hand, George et al. [35] documented interac-
tions between genetics and psychological factor affecting 
pain perception, catastrophizing and depression, suggesting 
that polymorphisms in KCNS1 (Potassium Voltage-Gated 
Channel Modifier Subfamily S Member 1) and ADRB2 
(Adrenoceptor Beta 2) could be useful to predict pre-oper-
atively shoulder disability and pain duration after surgery.

Numerous other risk factors have been described in rela-
tion to the occurrence of SS, including pre-, intra- and post-
operative factors. In the last years, particular interest has 
been dedicated to the pre-operative risk factors, adding to 
the well-known ones such as diabetes mellitus and thyroid 
disease newer ones, like disorders of lipid metabolism and 
overweight, vitamin D deficiency, gastroesophageal dis-
eases, genetic polymorphisms (e.g., IL-6 and MMP-3) and 
increased inflammatory changes in the shoulder joint [2, 9, 
24, 25, 37, 45–48]. Considered the growing number of pos-
sible pre-operative risk factors for SS and the need of spe-
cific investigations to assess the presence of many of them, 
the authors decided to document and include in this study 
on the role of surgery-related risk factors only age, gender 
and body mass index, considering the first two also in the 
multivariate analysis.

The results of our study sharply contrast with those pre-
sented by Seo et al. [9], who retrospectively analyzed 119 
patients and reported a much higher rate of post-operative 
SS (32.7%) with a higher frequency of SS after treatment of 
complete rather than partial tears. However, as the authors 
acknowledge, patient selection including those suffering 
from traumatic RC tears may strongly influence the results, 
leading to a higher rate of post-operative SS (42.9% in 
the trauma subgroup) and a shift in the distribution of SS 
towards complete tears. Traumatic tears are, in facts, most 
frequently complete [49, 50] and occur often in younger 
patients, which are more prone to develop post-operative 
SS than older ones [24]. Furthermore, if surgical treatment 
is performed shortly after injury, as usually occurs [50], the 
surgery-related release of pro-inflammatory cytokines may 
sum up to the inflammatory response generated by the injury 
itself, leading to a markedly different initial intra-articular 
environment as compared to the treatment of degenerative 
tears [30–32].

The strengths of this study are its prospective design, the 
strict inclusion criteria excluding confounding aspects such 
as traumatic RC tears and the use of objective clinical crite-
ria to define SS [18]. Nevertheless, some limitations are pre-
sent: first, the study was primarily focused on investigating 
the relevance of surgery-related factors in determining post-
operative SS as single study outcome and both demographic 
pre-operative data and variables regarding the rehabilitation 
phase were not included in statistical analysis. Second, all 
surgeries were conducted by single, a high-volume, shoulder 
surgeon: the results of this study may not be applicable to 
a less experienced or lower volume surgeon, since surgical 
tissue traumatism, which may influence the inflammatory 
response after the procedure, can be dependent on the sur-
geon’s experience. Furthermore, the study was focused on 
the detection of surgery-related risk factors, and SS treat-
ment protocols and results were not part of the research out-
comes: patients diagnosed with SS were recommended to 
reduce pain-generating rehabilitation exercises, physiother-
apist-assisted mobilization and stretching were encouraged 
and cortisone therapy was initiated, either as up to three 
repeated injections of 40 mg Triamcinolone acetonide or as 
oral therapy with Methylprednisolone [51–53]. Moreover, 
this study did not yet collect long-term follow-up data, thus 
not being able to show how post-operative SS affects mid- 
and long-term clinical outcomes and retear rates. Neverthe-
less previous studies documented a lower repair failure rate 
6 months after surgery in patients who developed SS, sug-
gesting that a rotator cuff repair is more likely to heal if this 
complication occur [54–56]. Furthermore, Millican et al. 
could evaluate up to nine years after surgery patients with 
post-operative SS, reporting a lower retear rate and a greater 
overall satisfaction by the final follow-up in patients experi-
encing post-operative SS; this suggests that SS after arthro-
scopic RC repair can have a protective role on the repair 
being either a sign of a strong biological healing response 
or an internal surrogate of a mechanical immobilization pro-
tecting the repair [54].

As final limitation, the lack of international recommenda-
tions on diagnostic criteria to define post-operative SS limits 
the possibility of a reliable comparison of our results with 
those from studies using different diagnostic criteria [21].

Conclusions

The arthroscopic treatment of partial RC lesions by TCR 
is associated with a higher risk of post-operative SS than 
the treatment of complete lesions, in particular in patients 
younger than 60 years. Previously known pre-operative risk 
factors such as female sex and younger age were confirmed.



3385Archives of Orthopaedic and Trauma Surgery (2022) 142:3379–3387	

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00402-​021-​04285-1.

Author contributions  DC: study design, data collection, original draft 
preparation; AM: statistical analysis, figures and tables; SM: data col-
lection, original draft preparation; FMF: data collection; ADS: statisti-
cal analysis; MJF, MDW: manuscript correction; PSR: study design, 
surgical procedures, manuscript correction.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study was not funded.

Declarations 

Conflict of interest  Author DC declares that he has no conflict of in-
terest. Author AM declares that she has no conflict of interest. Author 
SM declares that she has no conflict of interest. Author FMF declares 
that she has no conflict of interest. Author ADS declares that she has 
no conflict of interest. Author MJF declares that he has no conflict of 
interest. Author MDW declares that he has no conflict of interest. Au-
thor PSR declares consultancy for Arthrex, Depuy, Microport and Me-
dacta, outside the submitted work.

Ethical approval  Institutional review board approval number: Fondazi-
one IRCCS Ca' Granda Ospedale Maggiore Policlinico—Milano Area 
2, Lombardia, Milan, n°123/2017, Milan, 27-02-2017.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Zhang K, Kanakamedala A et al (2019) Management of con-
comitant preoperative rotator cuff pathology and adhesive cap-
sulitis: a systematic review of indications, treatment approaches, 
and outcomes. Arthrosc J Arthrosc Relat Surg 35:979–993. 
https://​doi.​org/​10.​1016/j.​arthro.​2018.​10.​126

	 2.	 Chung SW, Huong CB, Kim SH, Oh JH (2013) Shoulder stiff-
ness after rotator cuff repair: risk factors and influence on 
outcome. Arthroscopy 29:290–300. https://​doi.​org/​10.​1016/j.​
arthro.​2012.​08.​023

	 3.	 Huberty DP, Schoolfield JD, Brady PC et al (2009) Incidence 
and treatment of postoperative stiffness following arthroscopic 
rotator cuff repair. Arthroscopy 25:880–890. https://​doi.​org/​10.​
1016/j.​arthro.​2009.​01.​018

	 4.	 Randelli PS, Menon A, Nocerino E et al (2019) Long-term 
results of arthroscopic rotator cuff repair: initial tear size mat-
ters: a prospective study on clinical and radiological results at 
a minimum follow-up of 10 years. Am J Sports Med 47:2659–
2669. https://​doi.​org/​10.​1177/​03635​46519​865529

	 5.	 Matsuba T, Hata Y, Ishigaki N et al (2019) Long-term clinical 
and imaging outcomes after primary repair of small- to medium-
sized rotator cuff tears. J Orthop Surg 27:230949901988398. 
https://​doi.​org/​10.​1177/​23094​99019​883985

	 6.	 Agout C, Berhouet J, Bouju Y et al (2018) Clinical and ana-
tomic results of rotator cuff repair at 10 years depend on tear 
type. Knee Surg Sports Traumatol Arthrosc 26:2490–2497. 
https://​doi.​org/​10.​1007/​s00167-​018-​4854-1

	 7.	 Spennacchio P, Banfi G, Cucchi D et  al (2015) Long-term 
outcome after arthroscopic rotator cuff treatment. Knee Surg 
Sports Traumatol Arthrosc 23:523–529. https://​doi.​org/​10.​1007/​
s00167-​014-​3234-8

	 8.	 Itoi E, Arce G, Bain GI et al (2016) Shoulder stiffness: current 
concepts and concerns. Arthroscopy 32:1402–1414. https://​doi.​
org/​10.​1016/j.​arthro.​2016.​03.​024

	 9.	 Seo SS, Choi JS, An KC et al (2012) The factors affecting 
stiffness occurring with rotator cuff tear. J Shoulder Elb Surg 
21:304–309. https://​doi.​org/​10.​1016/j.​jse.​2011.​04.​011

	10.	 Cucchi D, Marmotti A, De Giorgi S et al (2017) Risk factors for 
shoulder stiffness: current concepts. Joints 5:217–223. https://​doi.​
org/​10.​1055/s-​0037-​16089​51

	11.	 Yano T, Hagiwara Y, Ando A et al (2020) RAGE-dependent 
NF-kB inflammation processes in the capsule of frozen shoulders. 
J Shoulder Elb Surg. https://​doi.​org/​10.​1016/j.​jse.​2020.​01.​076

	12.	 Le HV, Lee SJ, Nazarian A, Rodriguez EK (2017) Adhesive cap-
sulitis of the shoulder: review of pathophysiology and current 
clinical treatments. Shoulder Elb 9:75–84. https://​doi.​org/​10.​1177/​
17585​73216​676786

	13.	 Lho Y-M, Ha E, Cho C-H et al (2013) Inflammatory cytokines 
are overexpressed in the subacromial bursa of frozen shoulder. J 
Shoulder Elb Surg 22:666–672. https://​doi.​org/​10.​1016/j.​jse.​2012.​
06.​014

	14.	 Peters KS, McCallum S, Briggs L, Murrell GAC (2012) A com-
parison of outcomes after arthroscopic repair of partial versus 
small or medium-sized full-thickness rotator cuff tears. J Bone Jt 
Surg - Ser A 94:1078–1085. https://​doi.​org/​10.​2106/​JBJS.J.​00519

	15.	 Saridakis P, Jones G (2010) Outcomes of single-row and double-
row arthroscopic rotator cuff repair: a systematic review. J Bone 
Joint Surg Am 92:732–742. https://​doi.​org/​10.​2106/​JBJS.I.​01295

	16.	 Snyder SJ (2003) Arthroscopic classification of rotator cuff lesions 
and surgical decision making. Shoulder Arthroscopy. Lippincott 
Williams and Wilkins, Philadelphia, pp 201–207

	17.	 Bigliani LU, Ticker JB, Flatow EL et al (1991) The relationship 
of acromial architecture to rotator cuff disease. Clin Sports Med 
10:823–838

	18.	 Brislin KJ, Field LD, Savoie FH (2007) Complications after 
arthroscopic rotator cuff repair. Arthroscopy 23:124–128. https://​
doi.​org/​10.​1016/j.​arthro.​2006.​09.​001

	19.	 Khan U, Torrance E, Townsend R et al (2017) Low-grade infec-
tions in nonarthroplasty shoulder surgery. J shoulder Elb Surg 
26:1553–1561. https://​doi.​org/​10.​1016/j.​jse.​2017.​01.​008

	20.	 Horneff JG, Hsu JE, Voleti PB et al (2015) Propionibacterium 
acnes infection in shoulder arthroscopy patients with postopera-
tive pain. J shoulder Elb Surg 24:838–843. https://​doi.​org/​10.​
1016/j.​jse.​2015.​03.​008

	21.	 Audigé L, Blum R, Müller AM et al (2015) Complications fol-
lowing arthroscopic rotator cuff tear repair: a systematic review 
of terms and definitions with focus on shoulder stiffness. Orthop 
J Sport Med 3:2325967115587861. https://​doi.​org/​10.​1177/​23259​
67115​587861

	22.	 Randelli P, Spennacchio P, Ragone V et al (2012) Complica-
tions associated with arthroscopic rotator cuff repair: a literature 
review. Musculoskelet Surg 96:9–16. https://​doi.​org/​10.​1007/​
s12306-​011-​0175-y

	23.	 Kim JH, Ha DH, Kim SM et al (2019) Does arthroscopic preemp-
tive extensive rotator interval release reduce postoperative 

https://doi.org/10.1007/s00402-021-04285-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.arthro.2018.10.126
https://doi.org/10.1016/j.arthro.2012.08.023
https://doi.org/10.1016/j.arthro.2012.08.023
https://doi.org/10.1016/j.arthro.2009.01.018
https://doi.org/10.1016/j.arthro.2009.01.018
https://doi.org/10.1177/0363546519865529
https://doi.org/10.1177/2309499019883985
https://doi.org/10.1007/s00167-018-4854-1
https://doi.org/10.1007/s00167-014-3234-8
https://doi.org/10.1007/s00167-014-3234-8
https://doi.org/10.1016/j.arthro.2016.03.024
https://doi.org/10.1016/j.arthro.2016.03.024
https://doi.org/10.1016/j.jse.2011.04.011
https://doi.org/10.1055/s-0037-1608951
https://doi.org/10.1055/s-0037-1608951
https://doi.org/10.1016/j.jse.2020.01.076
https://doi.org/10.1177/1758573216676786
https://doi.org/10.1177/1758573216676786
https://doi.org/10.1016/j.jse.2012.06.014
https://doi.org/10.1016/j.jse.2012.06.014
https://doi.org/10.2106/JBJS.J.00519
https://doi.org/10.2106/JBJS.I.01295
https://doi.org/10.1016/j.arthro.2006.09.001
https://doi.org/10.1016/j.arthro.2006.09.001
https://doi.org/10.1016/j.jse.2017.01.008
https://doi.org/10.1016/j.jse.2015.03.008
https://doi.org/10.1016/j.jse.2015.03.008
https://doi.org/10.1177/2325967115587861
https://doi.org/10.1177/2325967115587861
https://doi.org/10.1007/s12306-011-0175-y
https://doi.org/10.1007/s12306-011-0175-y


3386	 Archives of Orthopaedic and Trauma Surgery (2022) 142:3379–3387

1 3

stiffness after arthroscopic rotator cuff repair?: a prospective ran-
domized clinical trial. J Shoulder Elb Surg 28:1639–1646. https://​
doi.​org/​10.​1016/j.​jse.​2019.​05.​021

	24.	 Cucchi D, Menon A, Feroldi FM et al (2020) The presence of 
gastroesophageal reflux disease increases the risk of developing 
post-operative shoulder stiffness after arthroscopic rotator cuff 
repair. J shoulder Elb Surg. https://​doi.​org/​10.​1016/j.​jse.​2020.​07.​
002

	25.	 Audigé L, Aghlmandi S, Grobet C et al (2021) Prediction of shoul-
der stiffness after arthroscopic rotator cuff repair. Am J Sports 
Med 49:3030–3039. https://​doi.​org/​10.​1177/​03635​46521​10289​80

	26.	 Shin JJ, Popchak AJ, Musahl V et al (2018) Complications after 
arthroscopic shoulder surgery. JAAOS Glob Res Rev 2:e093. 
https://​doi.​org/​10.​5435/​jaaos​global-​d-​18-​00093

	27.	 Chung SW, Kim JY, Yoon JP et al (2015) Arthroscopic repair of 
partial-thickness and small full-thickness rotator cuff tears: tendon 
quality as a prognostic factor for repair integrity. Am J Sports Med 
43:588–596. https://​doi.​org/​10.​1177/​03635​46514​561004

	28.	 Xu Y, Bonar F, Murrell GAC (2012) Enhanced expression of neu-
ronal proteins in idiopathic frozen shoulder. J Shoulder Elb Surg 
21:1391–1397. https://​doi.​org/​10.​1016/j.​jse.​2011.​08.​046

	29.	 Sharma P, Maffulli N (2006) Biology of tendon injury: healing, 
modeling and remodeling. J Musculoskelet Neuronal Interact 
6:181–190

	30.	 Arias JI, Aller MA, Arias J (2009) Surgical inflammation: a patho-
physiological rainbow. J Transl Med 7:1–15. https://​doi.​org/​10.​
1186/​1479-​5876-7-​19

	31.	 Lin E, Lowry SF (1999) Inflammatory cytokines in major surgery: 
a functional perspective. Intensive Care Med 25:255–257. https://​
doi.​org/​10.​1007/​s0013​40050​832

	32.	 Menger MD, Vollmar B (2004) Surgical trauma: hyperinflam-
mation versus immunosuppression? Langenbecks Arch Surg 
389:475–484. https://​doi.​org/​10.​1007/​s00423-​004-​0472-0

	33.	 Pan X, Ye L, Liu Z et al (2015) Effect of irrigation fluid tem-
perature on core body temperature and inflammatory response 
during arthroscopic shoulder surgery. Arch Orthop Trauma Surg 
135:1131–1139. https://​doi.​org/​10.​1007/​s00402-​015-​2246-2

	34.	 Cruickshank AM, Fraser WD, Burns HJ et al (1990) Response 
of serum interleukin-6 in patients undergoing elective surgery of 
varying severity. Clin Sci 79:161–165

	35.	 George SZ, Wu SS, Wallace MR, Moser MW, Wright TW, Farmer 
KW, Greenfield WH III, Dai Y, Li H, Fillingim RB (2016) Biopsy-
chosocial influence on shoulder pain: genetic and psychological 
combinations are predictive of 12 month post-operative pain and 
disability outcomes. Arthritis Care Res 68:1671–1680

	36.	 Cho C, Song K, Kim B et al (2018) Biological aspect of patho-
physiology for frozen shoulder. Biomed Res Int 2018:1–8. https://​
doi.​org/​10.​1155/​2018/​72745​17

	37.	 Ling Y, Peng C, Liu C et al (2015) Gene polymorphism of IL-6 
and MMP-3 decreases passive range of motion after rotator cuff 
repair. Int J Clin Exp Pathol 8:5709–5714

	38.	 Shin SJ (2012) A comparison of 2 repair techniques for partial-
thickness articular-sided rotator cuff tears. Arthrosc J Arthrosc 
Relat Surg 28:25–33. https://​doi.​org/​10.​1016/j.​arthro.​2011.​07.​005

	39.	 Franceschi F, Papalia R, Del Buono A et al (2013) Articular-sided 
rotator cuff tears: which is the best repair? A three-year prospec-
tive randomised controlled trial. Int Orthop 37:1487–1493. https://​
doi.​org/​10.​1007/​s00264-​013-​1882-9

	40.	 Jordan RW, Bentick K, Saithna A (2018) Transtendinous repair of 
partial articular sided supraspinatus tears is associated with higher 
rates of stiffness and significantly inferior early functional scores 
than tear completion and repair: a systematic review. Orthop Trau-
matol Surg Res 104:829–837. https://​doi.​org/​10.​1016/j.​otsr.​2018.​
06.​007

	41.	 Candela V, Giannicola G, Passaretti D et  al (2017) Adhe-
sive capsulitis of the shoulder: pain intensity and distribution. 

Musculoskelet Surg 101:153–158. https://​doi.​org/​10.​1007/​
s12306-​017-​0488-6

	42.	 Cho CH, Seo HJ, Bae KC et al (2013) The impact of depression 
and anxiety on self-assessed pain, disability, and quality of life 
in patients scheduled for rotator cuff repair. J Shoulder Elb Surg 
22:1160–1166. https://​doi.​org/​10.​1016/j.​jse.​2013.​02.​006

	43.	 Cho CH, Jung SW, Park JY et al (2013) Is shoulder pain for three 
months or longer correlated with depression, anxiety, and sleep 
disturbance? J Shoulder Elb Surg 22:222–228. https://​doi.​org/​10.​
1016/j.​jse.​2012.​04.​001

	44.	 Thorpe AM, O’Sullivan PB, Mitchell T et al (2018) Are psycho-
logic factors associated with shoulder scores after rotator cuff 
surgery? Clin Orthop Relat Res 476:2062–2073. https://​doi.​org/​
10.​1097/​CORR.​00000​00000​000389

	45.	 Blonna D, Fissore F, Bellato E et al (2015) Subclinical hypothy-
roidism and diabetes as risk factors for postoperative stiff shoul-
der. Knee Surgery Sport Traumatol Arthrosc. https://​doi.​org/​10.​
1007/​s00167-​015-​3906-z

	46.	 Tan Z, Hendy BA, Zmistowski B et al (2020) Glenohumeral syno-
vitis score predicts early shoulder stiffness following arthroscopic 
rotator cuff repair. J Orthop 22:17–21. https://​doi.​org/​10.​1016/j.​
jor.​2020.​03.​050

	47.	 Papalia R, Franceschi F, Vasta S et al (2012) Shoulder stiffness 
and rotator cuff repair. Br Med Bull 104:163–174. https://​doi.​org/​
10.​1093/​bmb/​lds006

	48.	 Harada GK, Arshi A, Fretes N et al (2019) Preoperative Vitamin D 
deficiency is associated with higher postoperative complications 
in arthroscopic rotator cuff repair. JAAOS Glob Res Rev 3:e075. 
https://​doi.​org/​10.​5435/​jaaos​global-​d-​19-​00075

	49.	 Tan M, Lam PH, Le BTN, Murrell GAC (2016) Trauma versus 
no trauma: an analysis of the effect of tear mechanism on tendon 
healing in 1300 consecutive patients after arthroscopic rotator cuf-
frepair. J Shoulder Elb Surg 25:12–21. https://​doi.​org/​10.​1016/j.​
jse.​2015.​06.​023

	50.	 Mall NA, Lee AS, Chahal J et al (2013) An evidenced-based 
examination of the epidemiology and outcomes of traumatic rota-
tor cuff tears. Arthroscopy 29:366–376. https://​doi.​org/​10.​1016/j.​
arthro.​2012.​06.​024

	51.	 Cucchi D, Walter SG, Wirtz DC, Friedrich MJ (2019) Shoulder 
stiffness—how to treat? Z Orthop Unfall 157:668–675. https://​doi.​
org/​10.​1055/a-​0853-​2128

	52.	 Katthagen JC, Millett PJ, Jensen G, Lill H (2016) Primäre 
kapsuläre Steife der Schulter: Ätiologie, Diagnostik und 
Therapie. Arthroskopie 29:151–158. https://​doi.​org/​10.​1007/​
s00142-​016-​0081-2

	53.	 Theopold J, Henkelmann R, Hepp P (2016) Schultersteife: Ätiolo-
gieabhängige Therapiealgorithmen. Obere Extrem 11:140–148. 
https://​doi.​org/​10.​1007/​s11678-​016-​0370-4

	54.	 Millican CR, Lam PH, Murrell GAC (2020) Shoulder stiffness 
after rotator cuff repair: the fate of stiff shoulders up to 9 years 
after rotator cuff repair. J Shoulder Elb Surg 29:1323–1331. 
https://​doi.​org/​10.​1016/j.​jse.​2019.​11.​020

	55.	 McNamara WJ, Lam PH, Murrell GAC (2016) The relationship 
between shoulder stiffness and rotator Cuff Healing. J Bone Jt 
Surg 98:1879–1889. https://​doi.​org/​10.​2106/​JBJS.​15.​00923

	56.	 Parsons BO, Gruson KI, Chen DD et al (2010) Does slower reha-
bilitation after arthroscopic rotator cuff repair lead to long-term 
stiffness? J Shoulder Elb Surg 19:1034–1039. https://​doi.​org/​10.​
1016/j.​jse.​2010.​04.​006

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jse.2019.05.021
https://doi.org/10.1016/j.jse.2019.05.021
https://doi.org/10.1016/j.jse.2020.07.002
https://doi.org/10.1016/j.jse.2020.07.002
https://doi.org/10.1177/03635465211028980
https://doi.org/10.5435/jaaosglobal-d-18-00093
https://doi.org/10.1177/0363546514561004
https://doi.org/10.1016/j.jse.2011.08.046
https://doi.org/10.1186/1479-5876-7-19
https://doi.org/10.1186/1479-5876-7-19
https://doi.org/10.1007/s001340050832
https://doi.org/10.1007/s001340050832
https://doi.org/10.1007/s00423-004-0472-0
https://doi.org/10.1007/s00402-015-2246-2
https://doi.org/10.1155/2018/7274517
https://doi.org/10.1155/2018/7274517
https://doi.org/10.1016/j.arthro.2011.07.005
https://doi.org/10.1007/s00264-013-1882-9
https://doi.org/10.1007/s00264-013-1882-9
https://doi.org/10.1016/j.otsr.2018.06.007
https://doi.org/10.1016/j.otsr.2018.06.007
https://doi.org/10.1007/s12306-017-0488-6
https://doi.org/10.1007/s12306-017-0488-6
https://doi.org/10.1016/j.jse.2013.02.006
https://doi.org/10.1016/j.jse.2012.04.001
https://doi.org/10.1016/j.jse.2012.04.001
https://doi.org/10.1097/CORR.0000000000000389
https://doi.org/10.1097/CORR.0000000000000389
https://doi.org/10.1007/s00167-015-3906-z
https://doi.org/10.1007/s00167-015-3906-z
https://doi.org/10.1016/j.jor.2020.03.050
https://doi.org/10.1016/j.jor.2020.03.050
https://doi.org/10.1093/bmb/lds006
https://doi.org/10.1093/bmb/lds006
https://doi.org/10.5435/jaaosglobal-d-19-00075
https://doi.org/10.1016/j.jse.2015.06.023
https://doi.org/10.1016/j.jse.2015.06.023
https://doi.org/10.1016/j.arthro.2012.06.024
https://doi.org/10.1016/j.arthro.2012.06.024
https://doi.org/10.1055/a-0853-2128
https://doi.org/10.1055/a-0853-2128
https://doi.org/10.1007/s00142-016-0081-2
https://doi.org/10.1007/s00142-016-0081-2
https://doi.org/10.1007/s11678-016-0370-4
https://doi.org/10.1016/j.jse.2019.11.020
https://doi.org/10.2106/JBJS.15.00923
https://doi.org/10.1016/j.jse.2010.04.006
https://doi.org/10.1016/j.jse.2010.04.006


3387Archives of Orthopaedic and Trauma Surgery (2022) 142:3379–3387	

1 3

Authors and Affiliations

Davide Cucchi1   · Alessandra Menon2,3 · Sonia Maggi4 · Francesca Maria Feroldi4 · Annalisa De Silvestri5 · 
Max Julian Friedrich1 · Matthias Dominik Wimmer1 · Pietro Simone Randelli2,3,6 

1	 Department of Orthopaedics and Trauma Surgery, 
Universitätsklinikum Bonn, Venusberg‑Campus 1, 
53127 Bonn, Germany

2	 Laboratory of Applied Biomechanics, Department 
of Biomedical Sciences for Health, Università degli Studi di 
Milano, Via Mangiagalli 31, 20133 Milan, Italy

3	 U.O.C. 1° Clinica Ortopedica, ASST Centro Specialistico 
Ortopedico Traumatologico Gaetano Pini-CTO, Piazza 
Cardinal Ferrari 1, 20122 Milan, Italy

4	 Università degli Studi di Milano, Via Mangiagalli 31, 
20133 Milan, Italy

5	 Biometry and Clinical Epidemiology, Scientific Direction, 
IRCCS San Matteo Hospital Foundation, Pavia, Italy

6	 Research Center for Adult and Pediatric Rheumatic 
Diseases (RECAP‑RD), Department of Biomedical Sciences 
for Health, Università degli Studi di Milano, Via Mangiagalli 
31, 20133 Milan, Italy

http://orcid.org/0000-0001-6284-7977
http://orcid.org/0000-0001-9331-820X

	Treatment of partial rotator cuff lesions is associated with a higher frequency of post-operative shoulder stiffness. A prospective investigation on the role of surgery-related risk factors for this complication
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Evidence 
	Level of evidence 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




