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ABSTRACT
Objectives  The aim of this study was to evaluate the cost 
of surgical treatment for primary ulnar nerve entrapment 
(UNE) borne by the public sector in Finland.
Design  Registry-based cost description study.
Setting  Primary and secondary care throughout Finland.
Participants  We identified all the patients diagnosed with 
primary UNE in the whole population of Finland from 2011 
to 2015 from the Care Register for Health Care. From these 
patients, we identified those who had undergone ulnar 
nerve release during the year they were diagnosed or the 
following year.
Interventions  Open ulnar nerve release.
Outcome measures  The primary outcome measure was 
cost borne by the public sector in 2015 euros. The cost 
of surgery was based on the diagnosis-related group 
prices. We calculated the cost of a single visit to a primary 
care physician, an electroneuromyography examination, 
a preoperative visit to a hand surgeon and a follow-up 
appointment by telephone in specialised care for each 
patient. These unit costs were provided by the Finnish 
Institute for Health and Welfare and the same costs 
were used for each patient. We obtained the number of 
reimbursed sick days and the total amount reimbursed 
to each patient in euros within the 2 years after diagnosis 
from the Social Insurance Institution of Finland.
Results  During our study period, approximately 1786 
primary UNE diagnoses were made yearly, and on average, 
876 (49%) of patients received surgical treatment annually. 
The surgery-related cost per patient averaged at EUR 
1341 (43%) and reimbursed sick leaves at EUR 952 (30%) 
during this period. The annual cost of surgical treatment 
for UNE borne by the public sector in Finland varied 
between EUR 3082 and EUR 3213 per patient.
Conclusions  The average cost of surgical treatment for 
UNE in Finland was EUR 3140 per patient between 2011 
and 2015.

INTRODUCTION
The ageing population and rising healthcare 
costs are increasing the need to prioritise 
efficient treatment strategies. To enable an 
objective comparison of different treatment 
strategies, the costs must be estimated and the 
health-related results of interventions must 
be obtained. Compression neuropathies of 
the upper limbs are common conditions and 

are often surgically treated. However, studies 
examining the costs of ulnar nerve entrap-
ment (UNE) or its surgical treatment are 
scarce. The aim of this study was to evaluate 
the costs of surgical treatment for UNE borne 
by the public sector in Finland between 2011 
and 2015.

Ulnar nerve entrapment
UNE is the second most common compres-
sion neuropathy in the upper extremity.1 
The most common compression site is at 
the elbow, at the cubital tunnel, whereas 
compression in the wrist in Guyon’s canal is 
much less frequent.2 A Finnish population-
based study concluded that the average 
age-standardised incidence rate of UNE 
per 100 000 person-years was 36.1 among 
men and 26.3 among women.3 UNE most 
commonly affects working-aged people and 
its incidence peaks around late middle age 
in both sexes.3–6 UNE can cause numbness, 
paraesthesia and pain in the arm and hand 
following ulnar nerve distribution and weak-
ness of the ulnar nerve-innervated muscles. 
In Finland, diagnosis is based on typical 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The data from the Finnish Care Register for Health 
Care and the Social Insurance Institution of Finland, 
both covering the whole population of Finland, made 
it possible to accurately estimate the cost of reim-
bursed sick leave paid by the public sector.

	⇒ The treatment protocol for ulnar nerve entrapment 
is uniform throughout Finland.

	⇒ We did not compare the costs or efficacy of differ-
ent medical interventions, and our results cannot be 
used directly in healthcare decision-making.

	⇒ The number and types of healthcare contacts, in 
addition to the actual surgery and routine electro-
neuromyography, was not based on exact research 
material but on expert opinion of routine practice in 
Finland.
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symptoms, clinical findings and positive electroneuro-
myography (ENMG) findings.

Surgical treatment of UNE
Most patients with mild symptoms benefit from conserva-
tive treatment and can be treated without surgery.2 Prev-
alent surgical techniques for cubital tunnel syndrome 
include local decompression and anterior subcutaneous 
or submuscular transposition of the ulnar nerve. Medial 
epicondylectomy can be incorporated if needed. The 
effectiveness of anterior transpositions and of simple 
decompression does not seem to differ.1

In Finland, the prevalent surgical technique is simple 
decompression with surgical block anaesthesia, and the 
procedure is most often performed as day surgery. The 
endoscopic technique is exceedingly rare in Finland.

Complications are relatively rare. A meta-analysis 
estimated an average complication rate of 3% and revi-
sion rate of 2% after cubital tunnel release among all 
different surgical techniques. Simple decompression 
appears to be the safest option.7 In a 2017 retrospective 
cohort study, simple decompression had a 3.8% (N=6) 
complication rate, of which 1.3% (N=2) cases required 
surgery.8

METHODS
Study registries
In Finland, every public and private healthcare provider 
is obligated by law to provide information on procedures 
and inpatient episodes to the Finnish Institute for Health 
and Welfare (FIHW) for administrative and research 
purposes. Patient-level data, including social security 
number, diagnoses and the Nordic classification of 
surgical procedure codes, are stored in the Care Register 
for Health Care—a national register of both public and 
private hospital data in Finland.9 The diagnoses are coded 
according to the International Classification of Diagnoses 
(ICD). The code for UNE diagnosis is in accordance with 
the tenth revision of ICD in 1996.

The Social Insurance Institution of Finland (Kela) 
keeps a register of the total amount paid in euros and of 
the incidence of benefits and their distribution by region 
and population group. This comprises all social bene-
fits, including reimbursed sick leaves and drugs. Kela 
compensates 70% of workers' average pay after 10 days of 
sick leave, for up to 300 days.10 We obtained permission 
from the FIHW and Kela to study and publish from these 
registries.

Figure 1  Number of surgically and non-surgically treated patients.
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Population
The study population was the whole population of Finland 
between 2011 and 2015. The Care Register for Health 
Care provided the total number of patients diagnosed 
with UNE during the study period. We included those 
with the diagnosis code G56.2 according to the tenth revi-
sion of ICD. Diagnosis code G56 (mononeuropathies of 
the upper limb) was also defined as UNE if the cases had 
a concomitant G56.2 diagnosis. Only incident cases were 
included in the study evaluating the costs of primary UNE. 
All patients with a concomitant diagnosis of carpal tunnel 
syndrome were excluded. Surgically treated patients were 
defined as those with the NSCP code ACC53, ulnar nerve 
release, which had occurred during the year of diagnosis 
or the following year.

Cost framework
To approximate the cost of the surgical treatment of 
UNE, we combined the costs of diagnosis and referral in 
primary healthcare, ENMG examination, outpatient visit 
and telephone follow-up in specialised care, surgery and 
its related costs and the amount of euros reimbursed for 
sick leaves. All costs are expressed in 2015 euros, using 
the consumer price index.11

Cost of surgery and reimbursed sick leaves
As the cost of surgery, we used the diagnosis-related group 
(DRG) prices from 2011 and 2017 provided by the FIHW. 

These prices are based on the financial data from all five 
university hospitals and five central hospitals in Finland. 
The prices for the missing years of 2012–2015 were 
linearly interpolated from these years. The DRG prices 
comprised the total cost of care, including overheads but 
not patient fees. We validated these prices by conducting 
a survey on DRG prices among the financial services of 10 
hospital districts that used DRG pricing during the study 
period. To estimate the total cost of surgery based on our 
survey, we calculated the population-weighted averages 
from the DRG prices.

The DRG008O cost code (surgery of nervous system, 
other, short treatment, non-complicated) was used to esti-
mate the operating costs of cubital tunnel release. This 
included day surgery nerve operations, excluding carpal 
tunnel release, which has its own DRG code.

The total amount of funds paid for sick leaves with a 
primary diagnosis of UNE (with the same exclusions and 
inclusions as mentioned above) and the total amount of 
reimbursed days of sick leave and their distribution by 
length (exceeding 10days) were acquired from Kela’s 
register.

Approximated costs
For diagnosis and referral in primary care, we counted one 
outpatient visit with a general practitioner. One ENMG 
examination, used to diagnose entrapment neuropathies 

Figure 2  Total cost of surgically treated patients in Finland in 2015 euros.
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was also calculated per patient. We counted one preoper-
ative surgeon appointment and one follow-up telephone 
appointment in specialised care as this was the most 
usual arrangement in our experience. A visit to a nurse 
in primary care was counted as a cost for the removal of 
stitches.

The unit cost for an outpatient appointment with a 
general practitioner and a surgeon, and an outpatient 
appointment with a nurse in primary care was provided 
by the FIHW. For the unit cost of the follow-up appoint-
ment by telephone and the ENMG examination, we used 
the unit costs of the largest hospital district in Finland 
and its diagnostic centre, as the FIHW did not provide 
these unit costs.

ETHICAL APPROVAL
We obtained permission from the FIHW and the Social 
Insurance Institution of Finland to study and publish 
from these registries.

Patient and public involvement
None.

RESULTS
During our study period, 1786 (SD 106.9) new UNE diag-
noses were made on average per year. Of the patients 
diagnosed with UNE, 876 (49%, SD 95) underwent 

surgical treatment on average per year. Figure  1 shows 
the number of patients with newly diagnosed UNE who 
underwent surgery or received non-surgical treatment 
per year.

Of the patients diagnosed with UNE, 5057 (56.6%) 
were men and 3871 (43.4%) women. The mean age was 
50.84 (SD 14.95). Of the patients who underwent surgery, 
2558 (58.4%) were men and 1824 were women (41.6%). 
Their mean age was 51.77 (SD 13.99).

Figure  2 shows the total annual cost of the surgical 
treatment of patients. During the years under study, the 
total cost per 100 000 population was EUR 57.567 to EUR 
74.122. The cost of treatment varied between EUR 44,351 
(76% of total costs) and EUR 56,630 (78%) per 100 000 
people, and sick leave between EUR 13 216 (22%) and 
EUR 17 576 (24%) per 100 000 population. Of the surgi-
cally treated patients, an average of 328 (37%) had more 
than 10 sick leave days annually. The average length of 
these sick leaves was 40 days. This resulted in an average 
of 13 000 reimbursed days of work annually, incurring an 
average total cost of EUR 840 000 per year and an average 
cost of EUR 952 per surgically treated patient.

Figure 3 shows the cost formation per year. The results 
of our validation survey are shown as supplementary mate-
rial (online supplemental table 1). There was no statistical 
difference between the mean of the annual DRG prices in 
our survey and the interpolated prices provided by FIHW 
(t-test, p=0.42).

Figure 3  Cost components per patient in 2015 euros. ENMG, electroneuromyography.
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DISCUSSION
We approximated the amount of public funds used in 
the treatment chain to surgically treat one patient with 
UNE as EUR 3082–3213 (2015 currency) in Finland in 
2011–2015. The cost of treatment did not rise during the 
study period.

Our study’s strength is that it included the cost of 
primary healthcare and a nerve conduction examina-
tion, which are often excluded or left unclear. In addi-
tion, our study population represented the whole of the 
Finnish population, not only a subgroup, such as Medi-
care beneficiaries. The register covers the entire Finnish 
population and has been shown to be from satisfactory 
to very good in terms of completeness and overall accu-
racy, though this has not been studied exclusively in 
compression neuropathies.9 UNE diagnostics are reason-
ably uniform in Finland, as an ENMG is required for 
diagnosis. In Finland, every citizen is entitled to sick leave 
with pay, healthcare services and surgical treatment when 
needed. This ensures patients’ livelihoods and prevents 
them returning to work prematurely.

The study also has limitations. It only examined one 
upper extremity and did not consider possible revision 
procedures. Moreover, we used the DRG008O price for 
day surgery. The cost associated with possible hospital stay 
in the ward after surgery is not reflected in our results. 
In our experience, patients are seldom monitored in the 
ward overnight. It is also possible that the sick leaves in 
this study include bilaterally operated patients' sick leaves, 
that is, the other extremity was also operated on within 
2 years of initial surgery. This would inflate the cost of 
reimbursements. The same is true for sick leaves resulting 
from the treatment of complications and possible revi-
sions if the same ICD-10-code was used to prescribe the 
sick leaves. Sick leaves lasting 10 days or less were missing, 
as they are not registered by Kela. This sick leave period 
does not represent the cost from our perspective, but is 
nonetheless a cost to the employer, who is mandated to 
pay the employee’s salary for this period.

Using a time trade-off survey and a decision analytic 
model, a 2012 study estimated that simple decompres-
sion, including possible complications and revisions, 
offers 2.76 quality-adjusted health years (QALY) of health 
benefit per treated patient in comparison to no treat-
ment.12 This is a substantial health benefit, considering 
the magnitude of the costs involved and the commonly 
used cost-effectiveness thresholds for acceptable cost 
of QALY in the reimbursement of pharmaceutics, for 
example, GPD 20 000–30 000 by the National Institute of 
Health and Care Excellence in the UK.13 In our study, 
we could not measure health benefits from the registries 
we used. A full economic evaluation, including both costs 
and benefits of all the relevant treatment strategies, could 
be a useful topic for future research.

Most often, postoperative pain is treated with a short 
regimen of non-steroidal anti-inflammatory drugs, and as 
the standard reimbursement for a pack of one hundred 
400 mg ibuprofen tablets is under five euros, we excluded 

the cost of drug reimbursements as insignificant. In 
Finland, opioids are not commonly used for managing 
post-operative pain after minor surgical procedures such 
as the standard procedure for UNE.

We did not estimate the cost of complications, as they 
are not expected to significantly increase overall costs. 
Neither did we assess the contribution and cost impact of 
subsequent revisions and bilateral surgeries in this study, 
as they could not be analysed on the basis of the data.

The cost of UNE and its treatment has previously mostly 
been examined in studies comparing the costs associated 
with different surgical techniques, as it seems that these 
are equally effective.1 12 14 15 The direct surgical cost of 
the open decompression of the cubital tunnel, based 
on Medicaid reimbursements in 2005–2012 was US$ 
878–1149,16 which is slightly lower than our DRG price. 
However, in the same study, the hospital charges were 
many times higher than the Medicaid reimbursements, 
indicating a possible shortfall.

A cost analysis conducted as part of a randomised 
controlled trial in the Netherlands calculated that 94% 
of costs were caused by loss of production, including non-
paid work, which was monetarily valued. It reported a 
very low cost of treatment—only EUR 151 per patient.15

In conclusion, we estimated that the cost of the surgical 
treatment chain of UNE was on average EUR 3140 in 
Finland in 2011–2015. This amount is similar to that of 
previously made estimates in the USA.
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