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The aim of this section is to reflect on the clinical and scientific impact of the main 
results of the research described in this thesis. This section starts with a description of the 
importance of musculoskeletal disorders (MSDs) in patients with diabetes mellitus (DM), 
and subsequently elaborates their impact on clinical practice and future research.

The importance of  musculoskeletal disorders in patients with diabetes mellitus

DM is a chronic metabolic disorder, and its prevalence is increasing worldwide [1]. Between 
2010 and 2030, its prevalence in adults is expected to increase by 73% in developing 
countries and by 20% in developed countries [2]. In 2019 approximately 1.1 million people 
with DM were registered in general practices in the Netherlands. Of them, 1.0 million 
(90%) are diagnosed with type 2 diabetes (T2DM). It is expected that by 2025, about 1.14 
million people will suffer from T2DM in a population of approximately 17 million people 
[3, 4]. This increasing prevalence will result in an increasing burden of care on the general 
practices. 

In the Netherlands, T2DM is mainly managed in primary care, where care groups have been 
established to provide this care. Care groups consist of groups of associated care providers, 
often exclusively general practitioners (GPs), who are responsible for coordinating and 
ensuring the delivery of care for patients with T2DM [4, 5]. This diabetes care is delivered 
in conformity with the Dutch Diabetes Federation Health Care and guidelines of the Dutch 
College of General Practitioners (DM guidelines) [6, 7]. GPs and nurse practitioners (NPs) 
together closely monitor patients with T2DM during the periodic diabetes check-ups for 
blood glucose levels and related complications.

Optimizing diabetes management is necessary to reduce the increasing burden in general 
practice. Currently, screening for diabetes complications in the Netherlands includes 
cardiovascular disorders, neuropathy, nephropathy, and retinopathy, but not for MSDs as 
they are not incorporated in the Dutch diabetes guidelines.

It is important to recognize all frequently occurring complications, including MSDs, 
especially if they cause chronic pain and disability. Stiff hand syndrome in particular, is 
reported to be associated with an incidence of hospitalization with infection and a useful 
indicator to assess the risk of hospitalization in patients with T2DM [8]. Poor diagnosis and 
management of MSDs lead to an increasingly inactive lifestyle, poorer control of glucose 
levels, earlier appearance of other complications, and consequently, decreased quality of 
life [9, 10]. In turn, this can aggravate musculoskeletal complaints, leading to a vicious 
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circle. Moreover, MSD may be an obstacle to being physically active on a daily basis, which 
is a cornerstone in T2DM treatment. It has been suggested that this problem should be 
included in the planning of intervention programs [9]. Early detection and treatment of 
these disorders may play a role in preventing the development of chronic MSDs, which 
might negatively influence DM treatment. 

Impact on clinical practice

Screening for MSD seems advisable

All patients with T2DM in the Netherlands are screened for diabetes complications such as 
microvascular complications and retinopathy, but they are not screened for MSDs. More 
than 50 years ago, Wilson and Jungner developed criteria for screening composed of 10 
points that are still upheld today as the “reference standard of screening assessment” [11, 
12]. As suggested in the literature [9], and based in part on the results from this thesis and the 
fact that the Wilson and Jungner criteria are applicable, it seems advisable to start screening 
for MSDs of the upper extremity. We can say short and sweet: MSDs are prevalent, can 
cause chronic pain and disabling disorders that might decrease the quality of life [9, 10], the 
pathophysiology is suggested to be influenced by advanced glycation end-products (AGEs), 
and the symptoms, tests, and treatment are known and acceptable for the population. Early 
detection of these complications would prevent chronic pain and disability. MSD screening 
of the upper extremity is advisable especially if we can think of a simple question about 
musculoskeletal pain and brief exam of the hands to be systematically performed by the 
NPs and then proceeding with an encounter performed by GPs if needed seems to be a 
good option. However, education about MSDs must be provided for GPs and NPs. Costs 
seem low for the above explained approach, since periodic check-ups are part of regular 
care and asking questions and physical exam is cheap, as this only requires limited time. 
According to the Dutch shoulder and other musculoskeletal guidelines, additional imaging 
is normally not required in early phases of MSDs [13, 14]. Also, corticosteroid injections 
and physiotherapy treatment are rather cheap interventions. However, policy makers and 
guideline committees might insist on a cost-effectiveness study before implementing this 
screening [7].

Increase the awareness of  MSD of  upper extremity as a complication

As mentioned above, MSDs are not listed as a complication in diabetes guidelines. 
However, diabetes is mentioned as an important risk factor in the Dutch College of 
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General Practitioners guidelines for ‘hand and wrist complaints’ and ‘shoulder complaints’ 
[13, 15]. This indicates a discrepancy between the guidelines, which might keep the GPs 
unaware of this complication. Since MSDs are common and can become chronic with all its 
consequences, it is sensible that they are listed as a complication in the diabetes guidelines. 
In this way, awareness among GPs and NPs is increased regardless of whether or not advice 
will be given on screening. Continues medical education providers will therefor include it 
in their training on diabetes mellitus.

Subacromial disorders most prevalent

GPs and other healthcare professionals involved in the care of patients with shoulder pain 
should be aware that in patients with T2DM suffering from shoulder pain, the subacromial 
region is the most frequently affected structure, not adhesive capsulitis, which is mentioned 
in the guidelines as an associated shoulder disorder [14, 16, 17]. This knowledge can help 
doctors to make a more accurate diagnosis, inform patients, and influence treatment 
decisions.  

When a physical exam is not conclusive enough to establish a diagnosis, or if conservative 
treatment fails, GPs may consider ultrasound imaging. Calcific tendinopathy seems to be 
the most prevalent specific disorder revealed by ultrasound imaging. Specific treatments 
for this disorder are available: both high-energy extracorporeal shockwave therapy and 
ultrasound-guided needling in combination with a subacromial corticosteroid infiltration 
(also known as barbotage) are effective when conservative treatment fails [18]. In this thesis 
we showed that diagnosing distal symmetrical polyneuropathy (DSP) by physical exam 
shows it is frequently present in patients with T2DM suffering from shoulder pain. Practical 
recommendations cannot be made properly yet, but the presence of DSP appears to indicate 
the presence of muscle denervation in patients with T2DM suffering from shoulder pain. 
Future studies are still needed. 

Impact on future research

The chapters in this thesis contain several directions for future research. In the context of 
this impact section, three main directions are elaborated on: screening for MSDs in patients 
with T2DM in general practice; investigating if shoulder disorders are more complex than 
previously believed in painful shoulders; screening for muscle denervation using muscle 
ultrasound.
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Screening for MSDs in patients with T2DM in general practice

Almost all of the Wilson and Jungner criteria for MSD of upper extremity screening are 
met, however, the cost-effectiveness is still unknown. While early treatment is likely to 
be cost-effective [19] as the costs of the proposed screening procedure are low, guideline 
committees and policy makers may want to see evidence first. To better inform them, it 
would be useful to conduct a trial to investigate the cost-effectiveness in two study groups, 
one with MSD screening and early management incorporated and a second group without. 
If this shows to be cost-effective and guideline committees recommend MSD screening, 
maybe a future qualitative study with interviews or focus groups with GPs and NPs is 
needed, to test the best option for implementation of MSD screening in general practice. 

In chapter 5, we found abnormal echogenicity in painful shoulders in patients with and 
without DM. But patients with T2DM tend to have more frequently abnormal high z-scores 
compared to patients without DM. We also found that DSP is associated with shoulder 
muscle denervation in patients with T2DM suffering from shoulder pain. 

Unravelling the complexity of  shoulder disorders

Shoulder complaints are a complex problem in general, not only in patients with T2DM. 
In this thesis, we showed that more than one disorder can be present in painful shoulders 
based on ultrasound imaging, and at the same time screening for muscle denervation 
showed a high frequency of abnormal muscles; both might have a causal relationship. The 
study in chapter 5 suggested that patients with painful shoulders seem to have abnormal 
muscles, although we should take in mind that the group of patients without DM seems 
underpowered due to the small sample size. The final common pathway that leads to 
shoulder pain, irrespective of having DM, might be muscle denervation. This suggests that 
shoulder complaints might be the result of a more complex process that might be related to 
muscle denervation or it might be the main cause.

A possible causal relationship might exist between muscle denervation and, for example, 
SAPS, which we found as the most prevalent disorder in our research. In other words, an 
ongoing muscle denervation in the muscles of the shoulder might lead to abnormal muscle 
movement, which might cause other muscles in the shoulder girdle to compensate for the 
consequences of this pathology. This can cause tension in different parts, e.g. tendons or bursa, 
which eventually might cause SAPS, the umbrella term for specific underlying disorders. 

In patients with T2DM, we also showed that DSP is associated with muscle denervation. 
This association suggests a more systemic effect of neuropathy in the process of developing 
shoulder disorders. 
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Future research is still needed to focus on a larger group of patients with shoulder pain in 
which selection bias should be avoided, and also analysis of other shoulder muscles and 
muscle outside the shoulder girdle could be included to get a full picture of the effects of 
DM on muscles.

Screening for muscle denervation using muscle ultrasound

Previous studies showed that quantitative muscle ultrasound (QMUS) using grey-scale 
analysis is a reliable alternative for nerve conduction studies when screening for muscle 
denervation [20]. However, implementing QMUS in daily practice is challenging for 
several reasons. First, it is time consuming, as all images have to be assessed, in a separate 
software program not incorporated in ultrasound machines, by manually selecting a region 
of interest in each image, to obtain the average gray-scale level using a histogram function, 
after which the results per muscle have to be averaged to optimize reliability and decrease 
the variation. Second, new reference values should be established for every ultrasound 
machine. Finally, QMUS is not yet part of the neuromuscular teaching curricula. These 
problems can be avoided by using qualitative muscle ultrasound to get an indication of 
diseased shoulder muscles. The visual evaluation using a four-point grading Heckmatt 
scale seems an option for this qualitative analysis. In this scale, muscle gray-scale levels 
are compared to the overlying subcutaneous fat layer. The sensitivity is around 71%–76%, 
depending on the subject and the observer’s experience [20]. A promising study performed 
in patients with muscle spasticity in the USA, where they compared the Heckmatt scale and 
the quantitative gray-scale analysis, showed a good correlation, indicating a high validity 
[21]. Therefore, for the near future it might be feasible to investigate the inter-rater reliability 
for using the Heckmatt scale in patient with shoulder pain order to implement it in practice.



Chapter 7

142

References
1. Shaw, J.E.; Sicree, R.A.; Zimmet, P.Z. Global estimates of the prevalence of diabetes for 2010 and 

2030. Diabetes Res Clin Pract. 2010, 87, 4-14, doi:10.1016/j.diabres.2009.10.007.
2. Farag, Y.M.; Gaballa, M.R. Diabesity: an overview of a rising epidemic. Nephrol Dial Transplant. 

2011, 26, 28-35, doi:10.1093/ndt/gfq576.
3. Nielen, M.; Poos, R.; Korevaar, J. Diabetes mellitus in Nederland. Prevalentie en incidentie: heden, 

verleden en toekomst. 2020.
4. Zonneveld, N.; Vat, L.E.; Vlek, H.; Minkman, M.M. The development of integrated diabetes care 

in the Netherlands: a multiplayer self-assessment analysis. BMC Health Serv Res. 2017, 17, 219, 
doi:10.1186/s12913-017-2167-610.1186/s12913-017-2167-6.

5. de Bruin, S.R.; van Oostrom, S.H.; Drewes, H.W.; de Jong-van Til, J.T.; Baan, C.A.; Struijs, J.N. 
Quality of diabetes care in Dutch care groups: no differences between diabetes patients with and 
without co-morbidity. Int J Integr Care. 2014, 13, e057.

6. Rutten, G.E.; De Grauw, W.J.; Nijpels, G.; Houweling, S.T.; Van de Laar, F.A.; Bilo, H.J.; Holleman, 
F.; Burgers, J.S.; Wiersma, T.J.; Janssen, P.G. NHG-Standaard Diabetes mellitus type 2 (derde 
herziening). Huisarts Wet. 2013 Jan 1;56(10):512-25.

7. Nederlandse Diabetes Federatie. Transparency and quality of diabetes care for people with 
type 2 diabetes. 2007 [cited 2019 Jan 28]. Available from: http://www.diabetesfederatie.nl/zorg/
zorgstandaard.html.  

8. Mineoka, Y.; Ishii, M.; Hashimoto, Y.; Hata, S.; Tominaga, H.; Nakamura, N.; Katsumi, Y.; Fukui, 
M. Limited joint mobility of the hand correlates incident hospitalisation with infection in patients 
with type 2 diabetes. Diabetes Res Clin Pract. 2020, 161, 108049, doi:10.1016/j.diabres.2020.108049.

9. Molsted, S.; Tribler, J.; Snorgaard, O. Musculoskeletal pain in patients with type 2 diabetes. Diabetes 
Res Clin Pract. 2012, 96, 135-140, doi:10.1016/j.diabres.2011.12.02210.1016/j.diabres.2011.12.022. 
Epub 2012 Jan 12.

10. Miksch, A.; Hermann, K.; Rolz, A.; Joos, S.; Szecsenyi, J.; Ose, D.; Rosemann, T. Additional impact 
of concomitant hypertension and osteoarthritis on quality of life among patients with type 2 
diabetes in primary care in Germany - a cross-sectional survey. Health Qual Life Outcomes. 2009, 
7, 19, doi:10.1186/1477-7525-7-19.

11. Wald, N.J. The definition of screening. J Med Screen. 2001, 8, 1, doi:10.1136/jms.8.1.1.
12. Andermann, A.; Blancquaert, I.; Beauchamp, S.; Déry, V. Revisiting Wilson and Jungner in the 

genomic age: a review of screening criteria over the past 40 years. Bull World Health Organ. 2008, 
86, 317-319, doi:10.2471/blt.07.050112.

13. Nederlands Huisartsen Genootschap. Hand- en polsklachten (Dutch College of General 
Practitioners guidelines of Hand and wrist complaints) 2010 [cited 2019 Jan 28]. Available from: 
https://www.nhg.org/standaarden/volledig/nhg-standaard-hand-en-polsklachten. 

14. Nederlands Huisartsen Genootschap. NHG-standaard Schouderklachten (Dutch College of 
General Practitioners guidelines of shoulder complaints) 2019 [cited 2020 1st June]. Available 
from: https://www.nhg.org/standaarden/samenvatting/schouderklachten. 

15. Nederlands Huisartsen Genootschap. NHG-Standaard Schouderklachten (Dutch College of 
General Practitioners guidelines of shoulder complaints) 2008 [cited 2019 Jan 28]. Available from: 
https://www.nhg.org/standaarden/volledig/nhg-standaard-schouderklachten. 

16. National Institute for Health and Care Excellence (NICE) (2017). CKS, Shoulder Pain Guideline. 
Available online: http://www.cks.nhs.uk/shoulder_pain (accessed on 20 March 2020).



Impact paragraph

143

Ch
ap

te
r 

7

17. New Zealand Guidelines Group. The Diagnosis and Management of Soft Tissue Shoulder Injuries 
and Related Disorders 2020 Availabe online: https://www.acc.co.nz/assets/provider/124909b5e6/
acc1616-shoulder-treatment-guidelines.pdf (accessed on Feb 2020).

18. Louwerens, J.K.G.; Sierevelt, I.N.; Kramer, E.T.; Boonstra, R.; van den Bekerom, M.P.J.; van Royen, 
B.J.; Eygendaal, D.; van Noort, A. Comparing Ultrasound-Guided Needling Combined With a 
Subacromial Corticosteroid Injection Versus High-Energy Extracorporeal Shockwave Therapy for 
Calcific Tendinitis of the Rotator Cuff: A Randomized Controlled Trial. Arthroscopy. 2020, 36, 
1823-1833.e1821, doi:10.1016/j.arthro.2020.02.027.

19. RIVM. Diabetes mellitus: kosten van zorg voor diabetes mellitus (Costs of diabetes care) https://
www.volksgezondheidenzorg.info/onderwerp/diabetes-mellitus/kosten/kosten#node-kosten-
van-zorg-voor-diabetesmellitus2011. [cited 2019 Jan 28]. 

20. Wijntjes, J.; van Alfen, N. Muscle ultrasound: Present state and future opportunities. Muscle Nerve. 
2020, 10.1002/mus.27081, doi:10.1002/mus.27081.

21. Moreta, M.C.; Fleet, A.; Reebye, R.; McKernan, G.; Berger, M.; Farag, J.; Munin, M.C. Reliability 
and Validity of the Modified Heckmatt Scale in Evaluating Muscle Changes With Ultrasound in 
Spasticity. Arch Rehabil Res Clin Transl. 2020, 2, 100071, doi:10.1016/j.arrct.2020.100071.


