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Abstract
Most commonly occurring in elderly patients, the comminuted 4-part or Neer VI type proximal humerus fractures frequently 
necessitate complete shoulder replacement. Despite the recent advances in imaging technologies, there is still a need for more 
information about the degree of joint degeneration and changes of the collagen content of tendons to select the proper implant 
type. It is known that human long head biceps tendon subjected to synovial inflammation and mechanical wear could result 
in tear and structural damage. Differential scanning calorimetry has already been demonstrated to be a dependable in the 
assessment of collagen in degenerative tendon conditions. The purpose of the study was to determine whether variations in 
thermal parameters detected by DSC are related to the degenerative changes of LHBT samples. LHBT tendons were collected 
from patients who had reversed shoulder arthroplasty because of trauma. DSC was utilized to measure the thermodynamic 
changes. Macroscopical, radiological and histological assessment were also performed. Based on the thermal parameters 
and denaturation curves, LHBT samples collected of patients underwent reversed shoulder arthroplasty due to comminuted 
proximal humerus fracture have shown minimal or mild degenerative injuries. These data were supported by preoperative 
radiological examination and histological analysis. The authors suggest that DSC could be a useful investigative tool in the 
clinical evaluation of tendon injuries.
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Introduction

The degenerative diseases of glenohumeral joints often lead 
to the need for total shoulder replacement [1]. Another indi-
cation for shoulder arthroplasty is displaced, comminuted 
fractures of the proximal humerus, mostly affecting the older 
population [2].

The degenerative process in the shoulder described by 
damage of cartilage and tendons, chronic rotator cuff tear, 
decreased quality of bone and impaired blood perfusion due 
to a generally aged biology [3]. The long head of the biceps 
tendon arises from the supraglenoid tubercle of the scapula 
and passes through the shoulder joint and the intertubercu-
lar groove of the humerus. Then, both heads of the biceps 
tendon unite distally to form a single muscle belly. Besides 
its functions as a supinator and flexor of the forearm, the 
biceps muscle plays a partial, usually a weak role in the 
forward flexion and abductions of the glenohumeral joint 
[4]. Because a biceps tendon subluxation or tear could result 
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in rotator cuff damage, it is an indicator of the degenerative 
level of the glenohumeral joint as well [5, 6].

Collagens are abundant elements of tendons. Under path-
ologic conditions, the ratio of collagen type III to collagen 
type I increases [7]. Osteoarthritis accompanied with syno-
vial inflammation may cause histomorphologic changes in 
the structure of the biceps tendon. Therefore, evaluation of 
collagen content of the long head of biceps tendon (LHBT) 
could provide relevant information on the degenerative 
changes of the tendon and the shoulder joint.

Recently, differential scanning calorimetry (DSC) has 
been applied to measure the thermoanalytical parameters 
of different type of tendons [8–11]. The changes of thermal 
characteristics have been proven as relevant indicators of 
conformational deterioration of collagen structure in differ-
ent pathologic conditions.

The purpose of our investigation was to determine 
whether changes of thermal parameters detected with dif-
ferential scanning calorimetry correlates with the degenera-
tive alteration of human long head biceps samples, collected 
from patients underwent reversed shoulder arthroplasty with 
trauma indications.

Materials and methods

Sample collection

Patients undergoing reversed shoulder arthroplasty due to 
4-part or Neer Type VI (AO/ASIF 11 C3.2–C3.3 proxi-
mal humerus factures were included to the study. The 
5 × 5 × 10 mm part of the intra-articular portion of the biceps 
tendon was resected during reversed shoulder replacement. 
Detachment and tenodesis of this part of LHBT is a standard 
surgical procedure during shoulder replacements. Then the 
samples were preserved for further measurements as detailed 
elsewhere [11–13]. The control sample was taken from a 
macroscopically healthy segment of a biceps tendon, con-
firmed by histological examination.

All procedures followed were in accordance with the 
ethical standards of the relevant regional and institutional 
research ethics committees and with the 1975 Declaration 
of Helsinki as revised in 2008.

Clinical and radiological evaluation of rotator cuff 
damage

The biceps tendons were macroscopically examined during 
surgery to look for evidence of previous injury or degen-
erative changes. The Hamada classification [14] was used 
to assess rotator cuff tendon damage, while the Walch [15] 
and Outerbridge [16] classifications were used to assess 
primary arthropathies and cartilage damage, respectively. 

Radiological evaluation of conventional X-ray, CT and MRI 
images was performed using Siemens Syngo.via software 
(Siemens Healthineers Global).

Histological processing

The samples of biceps tendon were fixed in 4% formalde-
hyde for at least 2 days. Two representative sections from 
each sample were cut after fixation. Following standard his-
topathological processing, the tissues were dehydrated and 
embedded in paraffin before being cut into 4 μm thick sec-
tions using a microtome. Then hematoxylin–eosin was used 
to stain the slides.

DSC measurements

The stored samples were washed three times in normal 
saline and kept in sterile isotonic saline at 4 °C until the 
calorimetric tests began (max. half an hour). A SETARAM 
Micro DSC-II calorimeter was used to take measurements 
between 0 and 100 °C at a heating rate of 0.3 K  min−1. The 
thermal denaturation was carried out in conventional closed 
Hastelloy batch vessels (V = 1 mL). In the case of traumatic 
patients, the sample masses ranged from 80 to 295 mg. The 
healthy control mass ranged from 200 to 220 mg. As a ref-
erence, normal saline was used. The calorimetric enthalpy 
was calculated from the area under the heat absorption curve 
using a two-point setting of the SETARAM peak integra-
tion, and then the other thermal parameters: denaturation or 
melting temperature (Tm), range of denaturation (ΔT), half 
width of transition (T1/2), and calorimetry enthalpy (ΔHcal) 
were compared.

Results

Patient demographics

The mean age of patients enrolled in the study was 
71 ± 7 years (mean ± SEM) with a male to female ratio: 1/5. 
All patients suffered proximal humerus fractures due to low 
energy traumas, mostly domestic falls.

Macroscopic assessment

The macroscopic scoring was performed immediately after 
collection, based the evaluation criteria published by Szabó 
et al. [6]. In healthy tendons, the surfaces are smooth and the 
cross-sectional areas are oval. In the case of slight damage, 
the cross section is gently widened and flattened, and there 
were slight scabrous erosions on the surfaces. The severely 
damaged tendons showed more flattening and widening with 
hard scabrous erosions on the surface. The macroscopical 
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evaluation of biceps samples, collected from the proxi-
mal intraarticular part of the tendons close to the bicipital 
groove, showed signs a minimal to a moderate level of dam-
age. The average score was 2 ± 0.4 (mean ± SEM).

Radiological assessment

Based on osteoarthritis score, we have found only a minimal 
level of glenohumeral arthritis on the examined shoulders 
X-rays. Due to the comminuted fracture morphology, Walch 
and Hamada classifications could only have been used in a 
limited number of cases. However, these scores (B1, char-
acterized by narrowing of the posterior articular space, sub-
chondral sclerosis, and presence of osteophytes) indicated 
only a mild degree of glenohumeral osteoarthritis.

Histological analysis

The analyses of histological sections are shown in Table 1. 
The average histological score, based on the tissue damaged 
of harvested biceps tendon, was 1.15 ± 0.75 (mean ± SEM). 
Comparing to the radiological and macroscopic evaluation, 
the histological analysis demonstrated the highest grade of 
degenerative changes but it showed a relatively high level 
variability (see Fig. 1).

Calorimetric analysis

The average of the melting temperature of T1–T5 trauma 
samples (without T2) showed a minimal increase, com-
pared to the Control sample (63.94 ± 0.57 °C vs. 63.55 °C, 
mean ± SEM). The difference between T2 and T1, ΔT was 
moderately lower in the trauma samples versus Control 
(14.05 ± 0.76 °C vs. 18.6 °C, see Table 2).

However, T1/2 (half width of denaturation) showed an 
increase in the trauma samples (2.19 ± 0.21 °C vs. 2.02 °C), 
similarly to the changes of the calorimetric enthalpy 
(5.12 ± 0.53  Jg−1 vs. 5.01  Jg−1). The increase in T1/2 and 
widening of gap between T2 and T1 generally indicates a 
less cooperative, therefore, less stable collagen formation. 
These relatively moderate changes in the T1/2 and Tm could 
be explained by the similarly small or moderate level of 
degeneration, detected by macroscopic, radiological and 

histological examinations. The mildly elevated calorimetric 
enthalpy may indicate a higher level of stability or an initial 
stage of degeneration and consequential start of scar forma-
tion (see Fig. 2).

In selected cases, an additional thermodynamic effect was 
observed in the higher temperature range during the control 
heating cycle (data are not shown). It can be caused by either 
the incomplete denaturation of the collagen, or, the samples 
were contaminated with another type of tissue.

Discussion

There is an increasing number of shoulder arthroplasties 
performed every year. The selection of the proper type of 
implant requires detailed knowledge about the degree of 
osteoarthritis and condition of the ROC and biceps tendon 

Table 1  Radiological, 
histological and macroscopic 
assessment of grade of 
glenohumeral arthritis and 
rotator cuff injuries of traumatic 
shoulders

Sample Hamada-classifi-
cation

Walch-classifi-
cation

Macroscopic 
score

Osteoarthritis 
score

Histological 
score

T1 – B1 2 1 2
T2 – B1 2 2 0
T3 I B1 1 1 2
T4 – – 3 1 3
T5 – – 2 1 –

(b)(a)

(c) (d)

Fig. 1  Histological sections from healthy and damaged biceps ten-
don tissue. Hematoxylin–Eosin (HE) staining, 20X magnification. 
The slide (A) shows a healthy control tendon, slide (B) demonstrates 
minor and slides (C) and (D) moderate degenerative changes
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[17, 18]. For preoperative planning, CT, US and MRI exam-
inations are available. However, there is still more infor-
mation is needed about the stage of joint degeneration and 
changes of the collagen content of tendons.

Recently, differential scanning calorimetry has been intro-
duced to evaluate the degenerative or inflammatory condi-
tion of different type of tendons. Wiegand et al. [19]  have 
found that the thermal parameters of human carpal trans-
verse ligament correlated with the degenerative changes, 
confirmed by histological examinations. Based on their 
results, the timing of surgery of carpal tunnel syndrome can 
be further optimized.

Furthermore, ruptured Achilles tendon, patellar ligament 
and quadriceps ligament samples were collected intraoper-
atively during reconstructive surgery. Their research sup-
ported our findings and showed distinct differences between 
the control and the torn tendons (control: Tm = 59.7 °C, 
T1/2 = 1.4 °C and ΔHcal = 8.54 J  g−1; torn Achilles tendon: 
Tm = 62.75 °C, T1/2 = 2.6 °C and ΔHcal = 1.54 J  g−1). Authors 
concluded that degenerative changes of collagen content led 
to enhanced thermal stability of the collagen components of 
the tendons [8].

It is known that the long head of the biceps tendon, a 
dense fibrosus connective tissue, contains cc. 80% type I col-
lagen. Due to fraying, partial or complete tears and chronic 
inflammation, there will be a change in the collagen forma-
tion. Later on, the fibrosus form of collagen will turn into 
scar.

In our set of experiments, we have found a generally 
increased T1/2 and widening of gap between T2 and T1, 
compared to the control sample. These data suggest a less 

cooperative and more unstable collagen formation. Con-
sistently, we could demonstrate mostly minimal or mod-
erate degenerative tendon injuries with histomorphology. 
In addition, we have found a mildly elevated calorimetric 
enthalpy in partially damaged biceps tendons, indicating an 

initial stage of degeneration with start of scar formation. 
It is supporting our theory that trauma patient undergoing 
shoulder replacement because of comminuted humerus frac-
ture exhibit less degenerative tendon damages, compared to 
orthopedic patients with rotator cuff tear arthropathy (RCA) 
or osteoarthritis (OA) [20, 21]. Notably, the acute trauma 
itself may not be responsible for significant damage in the 
protein structure of biceps tendon.

In a previous study, Szabó et al. [6] compared the ther-
mal parameters of long biceps tendon specimens at vari-
ous stages of injury. The thermal results were the mirror 
of macroscopic findings and histomorphologic changes. 
However, it is important to note that in our experiments, 
intraoperatively, in vivo collected samples were utilized. 
Meanwhile, Szabó et al. analyzed LHBT with cadaver ori-
gin and pathologic changes without signs of acute trauma. 
Contrary, in our study, LHBT samples were harvested of 
patients who suffered comminuted 4-part or Neer VI type 
proximal humerus fractures.

One of the limiting factors of the study is that we have 
processed a relatively small number of samples. However, 
our results clearly indicate the differences between the con-
trol and trauma groups. To keep the population homogene-
ous, patients undergoing hemiarthroplasty were excluded 
from our current study. The indication for shoulder hemiar-
throplasty includes a relatively young age, an intact rotator 
cuff and no evidence of osteoarthritis [22–24]. Since we plan 
to process LHBT samples from orthopedic patients under-
going total shoulder replacement, the different nature of the 
surgical procedures would introduce another variable and 

Table 2  Thermal parameters of denaturation of the collected bio-
logical samples (ΔT—temperature range of denaturation, T1/2—half 
width at the maximal heat flow, Tm—the peak temperature of the 
denaturation and ΔHcal—calorimetric enthalpy change normalized on 
the wet mass)

Sample Thermodynamic parameters

ΔT/°C T1/2/°C Tm/°C ΔHcal/Jg−1

Control 18.6 2.0 63.55 5.01
T1 13.2 1.7 64.4 5.85
T2 – – – –
T3 13.0 2.1 63.8 4.14
T4 16.3 2.8 62.5 4.27
T5 13.7 2.2 65.2 6.22
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Fig. 2  The thermal denaturation curves of biceps tendon samples 
(interpretation of symbols is in the text)
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a comparison of the hemiarthroplasty and reversed arthro-
plasty groups might not be feasible.

Another limitation is that MRI or CT evaluation have 
not been performed in all cases. Our preoperative planning 
protocol involves CT-scan in all trauma patients; but the 
classifications have mostly been developed to score ortho-
pedic, and not trauma cases. Additionally, MRI scanning can 
be contraindicated due to older metal implants or claustro-
phobia. Nevertheless, histological examination was done to 
confirm our findings.

Conclusions

Based on changes of thermodynamic parameters, LHBT 
samples collected of patients underwent reversed shoulder 
arthroplasty due to comminuted proximal humerus frac-
ture have shown minimal or mild degenerative injuries. 
These findings were supported by radiological and histo-
logical examinations. The authors suggest that DSC could 
be a useful investigative tool in the clinical evaluation of 
tendon injuries.
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