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ÖZET 

Amaç: Çalışmanın amacı, rotator manşet yırtığındaki (RMY) adeziv kap-
süliti preoperatif olarak ölçülen nötrofil-lenfosit (NLO), trombosit-lenfo-
sit (PLO), nötrofil-monosit (NMO), lenfosit-monosit (LMO) oranlarından 
öngörmektir.

Yöntem: Bu çalışma retrospektif vaka kontrol çalışması olarak tasar-
landı. Etik onay alındıktan sonra, RMY amacıyla ameliyat edilen 128 
hastanın ameliyat öncesi hemogram ve biyokimya verileri hastane arşi-
vinden toplandı. RMY nedeniyle artroskopi yapılan hastalardan intrao-
peratif dönemde adeziv kapsülit bulguları olanlar RMY+Adeziv kapsülit 
grubuna dahil edildi. Sağlıklı kontrol ve RMY+Adeziv kapsülit grupları 
arasında yaş, kan şekeri, CRP, sedimantasyon, beyaz kan hücresi, nötro-
fil, monositler, lenfositler, trombositler, açlık kan şekeri, hemoglobin ve 
hematokrit değerleri ile NLO, PLO, NMO ve LMO oranları karşılaştırıldı. 
Oranların lojistik regresyon analizi yapıldı.

Bulgular: Çalışmaya toplam 64 sağlıklı RMY (grup 1) ve 64 RMY+Ade-
ziv kapsülit hastası (grup 2) dahil edildi. Açlık kan şekeri, lenfosit, CRP 
değerleri, NMO ve LMO adeziv kapsülitli hastalarda yüksek bulundu 
(p<0,05); monosit, NLO ve PLO ise grup 2'de grup 1'e göre daha düşük 
bulundu (p<0,05). ROC analizine göre RMY'de adeziv kapsülitin en iyi 
belirleyicisinin LMO olduğu ortaya çıktı.

Sonuç: Kolay, düşük maliyetli ve tekrarlanabilir bir yöntem olan he-
mogramdan elde edilen LMO’nun inflamatuar bir oran olarak RMY'de 
adeziv kapsüliti öngören bir değişken olduğu gösterilmiştir.

ABSTRACT

Purpose: The aim of the study is to evaluate the prediction of adhe-
sive capsulitis in the preoperative period of rotator cuff tear (RCT) 
by neutrophil-lymphocyte (NLR), platelet-lymphocyte (PLR), neutro-
phil-monocyte (NMR), lymphocyte-monocyte (LMR) ratios.

Methods: This study was designed as a retrospective case-control 
study. After ethical approval, preoperative hemogram and biochemis-
try data of 128 patients who were operated on for RCT were collect-
ed from the archive of hospitale. Among the patients who underwent 
arthroscopy due to RCT, those with signs of adhesive capsulitis in the 
intraoperative period were included in the RCT+Adhesive capsulitis 
group. Age, blood glucose, CRP, sedimentation, white blood cell, neu-
trophil, monocytes, lymphocytes, platelets, fasting blood glucose, he-
moglobin and hematocrit values, and NLR, PLR, NMR, and LMR ratios 
were compared between healthy control and RCT+Adhesive capsulitis. 
Logistic regression analysis of the ratios was also performed.

Results: A total of 64 healthy RCT (group 1) and 64 patients with 
RCT+Adhesive capsulitis (group 2) were included in the study. Fasting 
blood glucose, lymphocyte, CRP values, and NMR and LMR were found 
to be higher in patients with adhesive capsulitis (p<0.05); and mono-
cyte, NLR and PLR were found to be lower in group 2 compared to 
group 1 (p<0.05). According to ROC analysis, it was revealed that LMR 
was the best predictor of adhesive capsulitis in RCT.

Conclusion: It has been demonstrated that the inflammation rate LMR 
obtained from the hemogram, which is an easy, low-cost, and repro-
ducible method, is a variable that predicts adhesive capsulitis in RCT. 
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Introduction

Adhesive capsulitis, also known as ‘frozen shoulder’, is 
known as the presence of significant limitation and pain 
in active and passive shoulder range of motion due to in-
flammatory fibrotic contracture of the glenohumeral joint 
capsule.1 Although it has an increasing incidence with 
age2, it has been reported to be more common, especially 
in adults between the ages of 52 and 723, and to be as-
sociated with some diseases such as diabetes mellitus, 
hypo-hyperthyroidism, myocardial infarction.4 Non-in-
fectious and limited chronic low-grade inflammation and 
fibrosis formation without necrosis are suggested for the 
formation of adhesive capsulitis.5 Inflammation-based his-
topathology of adhesive capsulitis has been supported by 
magnetic resonance imaging (MRI).6 

For the diagnosis of adhesive capsulitis, when abduc-
tion-external rotation restriction is detected in the phys-
ical examination, it is supported by MRI, but the definitive 
diagnosis is made during the repair of RCT (rotator cuff 
tear) in arthroscopy.7 To support the diagnosis, it is known 
that blood glucose and HbA1c elevation among labora-
tory findings8 are associated with adhesive capsulitis, and 
C-reactive protein9 shows high sensitivity in adhesive cap-
sulitis, but there are no preoperative and specific labora-
tory findings for it. The formation of adhesive capsulitis 
based on inflammation is a guide for the investigation of 
inflammatory markers supporting the diagnosis.

It has been demonstrated that neutrophil-lymphocyte 
ratio (NLR), platelet-lymphocyte ratio (PLR), neutro-
phil-monocyte ratio (NMR), and lymphocyte-monocyte 
ratios (LMR) reflect the level of systemic inflammation, and 
have recently been suggested as inflammatory markers.10 
These parameters, which can be easily calculated from 
blood samples collected under simple laboratory condi-
tions, represent low-cost and reproducible tests, and are 
included in the hemogram for preoperative routine ex-
amination.11, 12 These parameters can be associated with 
adhesive capsulitis, which has a hypothesis of inflamma-
tion in its etiopathogenesis. If the adhesive capsulitis ac-
companying rotator cuff tendinitis was diagnosed during 
the preoperative preparation, additional measures such 
as frozen shoulder manipulation could be added before 
arthroscopy, and the preoperative preparation process 
could be strengthened.

In light of this information, we aim to contribute to the 
diagnostic approach of adhesive capsulitis by evaluating 
NLR, PLR, NMR, and LMR in preoperative hemograms of 
patients with RCT.

Material-Method

Ethical approval of the study was obtained from Bolu 
Abant İzzet Baysal University Clinical Research Ethics 
Committee (decision number: 78/2021). This study was 
designed as a retrospective case-control study. Demo-
graphic and clinical data of the patients were obtained 
from Bolu Abant İzzet Baysal University Medical Faculty 
Hospital Orthopaedics-Traumatology Department in the 
hospital database. Patients who have undergone surgery 
and fracture, have rheumatic disease, septic arthritis and 
diagnosed with degenerative arthritis excluded the study. 
Two groups were formed in the study as RCT (Group 1) and 
RCT+Adhesive capsulitis (Group 2). Those included in the 
RCT+adhesive capsulitis group applied to Bolu Abant İzzet 
Baysal University Training and Research Hospital Polyclin-
ics between 2021-2022 and were randomly selected from 
the patient population who diagnosed with adhesive 
capsulitis according to physical examination, MRI, and ar-
throscopic findings. RCT patients were randomly selected 
from those who did not show signs of intraoperative ad-
hesive capsulitis. Preoperative hemograms   taken routine-
ly from the patients were used in the study. The age, gen-
der, blood glucose value, CRP, sedimentation, white blood 
cell, neutrophil, monocytes, lymphocyte, platelet values 
and neutrophil-to-lymphocyte, platelet-to-lymphocyte, 
lymphocyte-to-monocyte and neutrophil-to-monocyte 
ratios were evaluated in the study. Physical examination 
findings suggestive of adhesive capsulitis: Impaired range 
of motion with forward flexion, abduction, and external 
and internal rotation the MRI findings of the RCT+ad-
hesive capsulitis group may include : thickening of the 
coracohumeral ligament, inflammation and edema, ac-
cumulation of fibrous tissue, thickening of the joint cap-
sule, narrowing of the joint space, increased synovial fluid, 
involvement of the rotator cuff capsule. All patients were 
operated on in the lateral decubitus position with traction. 
A diagnosis of RCT was made by standard glenohumer-
al examination. The diagnosis of adhesive capsulitis was 
made arthroscopically with intraoperative visualization: 
synovial inflammation concentrated in the rotator inter-
val and hypertrophy, reactive capsular fibrosis, increased 
capsule and coracohumeral ligament thickness.13 Rotator 
interval excision was additionally applied based on RCT.

Statistical Analysis

As descriptive statistics, numbers and percentages were 
used for categorical data, and mean±standard deviation 
or median (min.-max.) was used for continuous data. The 
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distributional properties of the continuous data were 
evaluated using the Shapiro-Wilk Test. Control and adhe-
sive capsulitis groups were compared t-test for normal-
ly distributed variables and via Mann Whitney U test for 
non-normally distributed variables. Bivariate comparisons 
of categorical data were conducted using Chi-square tests. 
Initially, a single explanatory variable logistic regression 
analysis model was fit for all variables. Than multiple ex-
planatory variable logistic regression analysis model, was 
fitted by including all significant independent variables. A 
backward-elimination approach in the multiple explana-
tory variable logistic regression model was conducted to 
evaluate the model for potential confounding effects. In 
this model, the factors/covariates were removed one at a 
time, starting with the factor/covariate that had the larg-
est P value, until all remaining factors had a two-sided P 
value <0.05. The goodness of fit was tested using the Hos-
mer–Lemeshow Test. 

Results

CRP:C-reactive protein, WBC:White blood cell, HMG: 
Hemoglobin, HCT: Hematocrit, Group 1: RCT, Group 2: 
RCT+Adhesive capsulitis

Descriptive statistics of Groups 1 and 2 are given in Ta-
ble 1. No statistically significant difference were found 
between groups 1 and 2 for hemoglobin (p=0.100) and 
hematocrit (p=0.080), but for fasting blood glucose was 
found higher statistically in Group 2 (p=0.009). There was 
no difference between the white blood cell (p=0.520), 
neutrophil (p=0.860) and platelet (p=0.334) values of 
the groups evaluated in the hemogram. In Group 2, lym-
phocytes (p=0.033) were found higher statistically and 
monocytes (p=0.000) were found lower statistically. The 

sedimentation used to assess systemic inflammation was 
similar between groups (p=0.090) and CRP (p=0.040) was 
found higher in Group 2 (Figure 1).

NLR (p=0.024), NMR (p=0.000), LMR (p=0.000) and PLR 
(p=0.011), which are thought to be helpful in diagnosis, 
were statistically different between groups 1 and 2. While 
LMR and NMR were higher in group 2, NLR and PLR were 
higher in group 1 (Figure 1).

In the logistic regression analysis, the cut-off value for LMR 
was determined as 3.02, this value was found to be 0.83 
sensitive and 0.61 specific (Tables 2 and 3, Figure 2).

Discussion

To summarize the findings of the study, preoperative 
blood glucose, CRP, lymphocyte, NMR and LMR were found 
to be significantly higher in the preoperative RCT+Adhe-
sive capsulitis group; monocytes, NLR, and PLR values 
were found to be high in the RCT group. In addition, LMR 
was found to have the highest sensitivity and specificity 
among the NMR, LMR, NLR and PLR to predict adhesive 
capsulitis in the preoperative period in RCT patients.

Diabetes mellitus is known as a condition predisposing 
to the formation of adhesive capsulitis14, and chronic low-
grade inflammation caused by diabetes is estimated to 
constitute the pathophysiology of adhesive capsulitis.15 
For this purpose, adhesive capsulitis has been included 
among the skeletal system complications caused by di-
abetes16, HbA1c has been shown to be correlated with 
the increasing incidence of diabetes mellitus8, and it has 
been reported that there is a relationship between adhe-
sive capsulitis and the hyperglycemia component of the 
metabolic syndrome.4 In our study, consistent with the 
literature, plasma glucose levels were found to be high in 

Variable Group 1(n=63) Group 2 (n=63) P value

Age, yearb

Plasma glucose, gr/dLb 
CRP, mg/dLb

Sedimentation, mm/hb

Neutrophil, K/µLb

Lymphocyte, K/µLb

Monocyte, K/µLb

Platelet, K/µLb

WBC, K/µLb

HGB, g/dLa

HCT, %a

57 (50-65)
115 (96-153)
3.2 (0.5-6.6)
14 (10-20)
4.20 (3.6-4.8)
2.3 (1.8-3.0)
0.5 (0.4-0.6)
255 (214-303)
7.3 (6.0-8.7)
14.3±1.73
43.5±4.67

59 (44-67)
102 (93-117)
1.4 (0.2-3.5)
18 (12-26)
3.9 (3.3-5.1) 
2.0 (1.6-2.6)
0.6 (0.5-0.9)
264 (229-306)
7.0 (5.9-8.4)
13.8±1.46
42.2±4.19

0.742
0.009
0.040
0.090
0.860
0.033
0.000
0.334
0.520
0.100
0.080

Table 1. The descriptive statistics of Group 1 (RCT) and Group 2 (RCT+Adhesive capsulitis)

a Means SD; P values were determined via t-test.
b Values are median (Q1-Q3); P values were determined via Mann Whitney U test.
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Table 3. Results of the multiple explanatory variable analysis for inflammation rates

Figure 1. Comparison of glucose (A), CRP (B), sedimentation (C), neutrophil (D), lymphocyte (E), monocytes (F), NLR (G), 
PLR (H), NMR (I) and LMR (J) between groups. (Group 1:RCP; Group 2:RCP+Adhesive capsulitis; CRP: C-reactive protein; 
NLR:Neutrophil-Lymphocyte Ratio; PLR:Platelet-Lymphocyte Ratio; NMR: Neutrophil-Monocyte Ratio; LMR: Lympho-
cyte-Monocyte Ratio.)

Table 2. Results of the single explanatory variable logistic regression analysis for inflammation rates
a Values are median (Q1-Q3).

Variable Group 1

(n=63)

Group 2

(n=63)

Odds ratio  (95 % CI) P value

NLRa 2.05 (1.5-2.7) 1.82 (1.2-2.2) 1.64 1.09-2.57 0.02

NMRa 6.0 (4.9-7.9) 7.95 (6.9-9.5) 0.76 0.64-0.88 0.00

PLRa 124.8 (101.7-169.0) 109.9 (82.9-146.3) 1.01 1.00-1.02 0.00

LMR 2.0 (2.2-4.2) 4.8 (3.4-5.7) 0.49 0.36-0.65 0.00

Variable Odds ratio (95 % CI) P value

NLR 1.25 (0.34-5.42) 0.745

NMR 0.87 (0.72-1.04) 0.14

PLR 1.00 (0.99-1.01) 0.31

LMR 0.68 (0.31-1.42) 0.00
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Figure 2. ROC curve for separating RCT and RCT+Adhesive capsulitis for LMR (Area Under the Curve 0.783, p value 0.00).

patients with adhesive capsulitis, and the formation of ad-
hesive capsulitis based on hyperglycemia was confirmed.

Capsular fibrosis of adhesive capsulitis develops against 
the background of chronic low-grade inflammation.17 
C-reactive protein and erythrocyte sedimentation rate 
are frequently used as markers of systemic inflammation 
in clinical practice. Although there are studies showing 
that C-reactive protein is normal18 and high19 in adhesive 
capsulitis, a more sensitive form of CRP, called high sen-
sitivity-CRP, shows high sensitivity.9 There are studies re-
porting that ESR is normal18 and high19 in adhesive cap-
sulitis. In our study, CRP was high and ESR was normal in 
the RCT+Adhesive capsulitis group. Here, sedimentation 
normality associated with CRP elevation may be used in 
differential diagnosis to predict preoperative adhesive 
capsulitis in patients with RCT.

Lymphocytes provide cell-mediated immunity as part 
of adaptive immunity and play a role in chronic inflam-
mation.20 Neutrophils21 and monocytes22 represent acute 
inflammation as part of innate immunity. Inflammatory 
rates, which are easily and inexpensively obtained under 
basic laboratory conditions by routine hemogram eval-

uation from automated systems such as NLR, PLR, NMR 
and LMR, are studied for biomarker purposes in diseases 
whose symptoms are not within sharp limits and many 
methods are used for diagnosis.23 These markers have 
been studied in many diseases such as inflammatory 
bowel diseases, malignancies, cardiovascular diseases, 
and acute pancreatitis, and significant results have been 
obtained in this regard.24 In relation to the pathophys-
iology of chronic low-grade inflammation of adhesive 
capsulitis, our results showed high lymphocyte value 
and low monocyte value. In connection with these val-
ues, LMR and NMR were high, and NLR and PLR were low 
in patients with RCT+Adhesive capsulitis. When we mea-
sured which rate could better predict adhesive capsuli-
tis in the preoperative period in patients with RCT with 
the highest sensitivity and specificity, we revealed that 
LMR may be the best biomarker candidate. The definitive 
diagnosis of adhesive capsulitis is made by arthroscop-
ic intervention, but our study revealed that the correct 
interpretation of inflammatory rates in the hemogram, 
as well as physical examination during the preoperative 
planning period, will contribute to supporting the diag-
nosis. 
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Limitations: The lack of clinical data in cases of adhesive 
capsulitis in our study constituted the limitation; of the 
study. The advantage of the present study was that in-
flammatory rates in adhesive capsulitis were studied for 
the first time with sensitivity and specificity values.

Conclusion:  Easy and inexpensive diagnostic approaches 
to predict whether adhesive capsulitis accompanies a ro-
tator cuff tear in the preoperative period can strengthen 
the perioperative strategy and contribute to the surgical 
organization. We believe that future multicenter studies 
with more patients and groups will contribute to the early 
diagnosis and treatment of adhesive capsulitis with RCT.
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