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Abstract

In this paper we seek to answer the following question: How complete is the Swespine

register? In order to answer this question we believe that in a register that has the ambition

to follow-up patients throughout a specified period of time, two types of completeness have

to be defined: external and internal completeness. In our opinion, the correct assessment of

a register’s level of completeness, results in an increase in its credibility, revealing whether

the register has met its desired level of quality.

By defining the register’s target population we came to the conclusion that the method

used by Swespine to calculate external completeness yielded misleading results. We de-

fined another method of assessing external completeness and concluded that our question

cannot be answered.

We have also found an appropriate way to calculate the register’s internal completeness

level. Since the internal completeness decreases as the follow-up period increases, we

sought to discover which groups of patients are more likely to respond to the follow-up

questionnaire. For this a Logistic Regression Method was applied.
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1 Introduction

In today’s Sweden, the tendency to create registers, describing the medical activities regarding

hospital’s performance, gains popularity every year. It is often stated that the obtained data

would be of great use for individual institutions, not only to assess their progress but also for

comparisons with other clinics in the country. Furthermore, it is claimed that the data in the

Swedish medical registers are a gold mine for medical research.

The randomized clinical trial is often considered to be the scientific golden standard for certain

medical research. If a treatment is tested in a randomized clinical trial, the patients are selected

according to careful inclusion criteria specified in advance. More often than not, those criteria

exclude patients with all sorts of additional complications that could distort the results. Thus,

the inference from the trial is valid for an imagined target population consisting of ”homo-

geneous groups of patients”. The inference in this case will provide knowledge whether the

treatment has an effect in that special target population. Hopefully, the effect is valid also in

the ”general population”

In register studies, the inference is mostly concerned with the characterization of broader pa-

tient categories, for example: groups of patients operated in a certain clinic, groups of patients

who have a specific diagnosis or groups of patients who have undergone a special operation.

In this context, it is of course fundamental that the target population can be properly defined

and that there are available measures to calculate what proportion of the target population is

covered by the empirical data. Hence, the degree of completeness is of fundamental importance

for the credibility of the results based on register data.

In principle, a medical registry can have either an individual (patient) or a certain medical

procedure as a primary unit. In the latter case, a single patient can occur more than once in the

same register. When studying results from various medical registers, it can sometimes be hard

to find out what is the ”primary unit”.

In this investigation, we will try to assess the completeness in a specific medical register and

also discuss various approaches for measuring its degree of completeness. In the following,

we introduce the concepts of external and the internal completeness. The external complete-



ness, has been defined above, namely: the proportion of the target population being covered by

the empirical data. The internal completeness, will be regarded as the proportion of patients

remaining on study (answering the follow-up questionnaire) after the inclusion in the register.

2 Background

Sweden is known for its long tradition in establishing registers in various sectors. Since long,

complete demographical data capturing deaths and births give a unique view to the population’s

evolution through time. Today in Sweden there are more than 100 epidemiological registries

that receive central funding. The most successful registry is probably the Swedish Cancer Reg-

istry, covering approximately 50 000 malignant cases of cancer every year.

Before evaluating the quality of the Swespine register, a definition of what constitutes a reg-

ister is appropriate. Looking through the literature, a universal agreement on what a registry

is could not be found. However, we found the definitions given by Bellows[1] and Brooke[2]

informative. Brooke gives a more general definition of a register:

”... a file of documents containing uniform information about individual persons, col-

lected in a systematic and comprehensive way, in order to serve a predetermined pur-

pose.”

Whereas Bellows gives the definition of a registry in a medical context:

”... a system recording, frequently used in the general field of public health, which serves

as a device for the administration of programs concerned with the long-term care, follow-

up or observation of individual cases.”

Here, the term registry is thus used to describe a health-oriented data base, the purpose of

which must be clearly stated before assessing its potential benefits. Since a randomized clinical

study can show treatment effect in a more precise manner in well defined patient categories, it

is often argued that any kind of epidemiological research based on a registry can have serious

draw-backs. However, in the register research we deal with a more ”realistic population”, it is

often argued that a registry based surveillance is better suited for problem detection and identi-

fication as well as tracking rapidly developing health problems. Registers are of course of great

use in documenting the events such as births, deaths and marriages.
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2.1 Available empirical data

The data that will be used in this paper comes from the National Swedish Spine Register (Swe-

spine), which was initiated in 1993. In the paper it will also be included some reported informa-

tion from another register called, Patient Register (PAR), which is created and maintained by

the National Board of Welfare, a government agency in Sweden under the Ministry of Health

and Social Affairs. The reason for this is that in Swespine the PAR register is used as a back-

ground reference in order to assess its external completeness level.

The main focus will be on the Clinic of Spinal Surgery in Strängnäs (CSS), which specializes

in acute and chronic back and neck disease. Since the Clinic of Spinal Surgery in Strängnäs

joined Swespine in 2000, it follows that from this year on, patient information from this clinic

should be found in Swespine.

Since one of the purposes of Swespine is to measure patient perceived quality regarding their

received medical care[3], the dominating part is designed to capture that information in differ-

ent questionnaires. The questionnaires are:

1. Basic information form - this is the first questionnaire that the patient receives, it is

entirely filled in by the patients. Some of the variables included in this section are: per-

sonal registration number, medical unit (clinic/hospital) the date for completing the form,

sex, smoking habits, employment status, presence of other diseases, VAS scale values for

back pain and leg pain;

2. Operation form - this form is filled in by the medical staff. Some of the variables in-

cluded in this section are: date of admission, date of surgical intervention, date of dis-

charge, main diagnosis, postoperative indexes, age at operation, age at re-operation (with

the possibility to enter up to 5 certain values) and date at re-operation 1-5 (with the pos-

sibility to enter up to 5 different values);

3. EQD5 - this form contains 7 questions, 6 of which are filled in by the patient, and the

last one is an aggregated measure based on the responses on the first questions. It is

a standardized international questionnaire mainly used for monitoring health status of

patient groups at different moments in time [4] - some used variables are: mobility,

hygiene, pain, health;
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4. SF36 Health Survey -in this form, some answers to the questions are being filled in by

patients, they are later on recorded and summed to produce raw scale score for each

health concept which are then transformed to a 0-100 scale. It is a multi-purpose health

survey, which yields an 8-scale profile of functional health and well-being scores as

well as psychometrically-based physical and mental health summary measures and a

preference-based health utility index[5];

5. ODI Index - Oswestry Low Back Pain Disability Questionnaire - is comprised of 10

items with associated statements for the patient to select, the responses to these answers

will be aggregated in one index - ODI0 - It is used to measure a patient’s permanent

functional disability;

6. Follow-up questionnaire - this survey contains a large proportion of all the questions

asked in the above questionnaires being partially filled in by patients. Patients receive

the follow-up questionnaire 1 year, 2 years, 5 years and 10 years after the surgical inter-

vention.

The received data are transferred to a main database, where the entries are separated by the

clinic from which they originate, each clinic having access to their corresponding data. The de-

sign of the final database makes it easy to follow a patient throughout a ten year period. Beside

the data from the main database, we also have official data from Strängnäs Clinic: total number

of operation performed between 2000 and 2001.

The data that CSS has access to, is divided in two. The first part contains 2440 patients/procedures

who had their first surgical intervention at CSS between the years 2000-2004. The second

database contains 5898 patients/procedures who had their first surgical intervention at CSS be-

tween the years 2005-2014. A patient is included in the database once he/she responds to the

received Basic Information form. One patient can receive more than one Basic Information

Form, thus we believe that an operation performed at a medical unit should be considered as

the primary unit in the Swespine register. Hence, the number of patients is not equal to the

number of spinal operations. The detailed inclusion criteria will be given later in the paper.

As we have mentioned earlier, we briefly talk in this paper about the PAR Register. PAR

has data starting with 1960, and from 1987 it is said to include all in-patient care in Sweden[6].
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From 2001, it also contains outpatient visits including day-surgery and psychiatric consulta-

tions from both private and public caregivers.

The information in PAR is divided in the four following groups:

1. Patient data - personal registration number, sex, age and place of residence;

2. Geographical data - country council, hospital/clinic, department;

3. Administrative data

• inpatients: date of admission, date of discharge, admitted from, discharged to;

• outpatients: date of admission, date of discharge, acute/planned admission, admit-

ted from, discharged to;

4. Medical data - main diagnosis, secondary diagnosis, external cause of injury and poi-

soning, procedures;

As PAR includes all in-patient care in Sweden, we assume that PAR and Swespine use the same

primary unit.

3 External Completeness

When describing the quality of data in a registry, Goldberg [7] defines two goals that must be

met: completeness (in this paper it will be referred to as: external completeness) and validity.

External completeness is further defined as proportion of cases in the target population that

can be found in the registry’s empirical data. It means that in order to assess the completeness

level, one must first decide what group of patients will be considered as the target population.

Although it is not stated by Swespine, after looking at Swespine’s inclusion criteria, we believe

that the ambition is that its target population is the total number of spinal procedures that took

place in Sweden in a specified period of time.

Even though it is not realistic to expect that external completeness would reach 100%, it is

important to identify factors that may be systematically related to the decision whether to in-

clude a unit in the registry or not. These factors can influence the outcome of any analysis,
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giving misleading results. Validity in a traditional sense refers to whether a variable truly mea-

sures what it is intended to measure, here, validity refers to the percentage of units in a registry

with a given characteristic (for ex: sex, disease type) that truly have this attribute.

3.1 External Completeness in Swespine

We previously stated that the target population is defined as the total number of spinal surgeries

in the country during a specified time period. Before making use of the available data, one must

know the level of coverage that it reaches, since it is of extreme importance when it comes to

data’s credibility. For that, some sort of measure with regard to the external completeness of

the register must be given.

Starting with 1993, the Swespine register published yearly reports, in which the achieved

progress in a particular year was presented. In the 2014 report, an analysis of the registry’s

external completeness can be found. The analysis is performed with the assistance of the Na-

tional Board of Welfare, using their Patient Register (PAR) as a reference, which was described

in a previous section. The collaboration between Swespine and National Board of Welfare re-

sulted in defining the (external) completeness in the following way[3].

”Completeness means the number of spinal procedures performed in Swespine (numer-

ator) compared to the estimated number of spinal procedures performed in Sweden (de-

nominator). The estimate is based on the sum of patients in both registers.”

After reading the report: ”Rapporteringen till nationella kvalitetsregister och hälsodataregistren”[8]

we found that this approach of measuring external completeness was designed by the The Na-

tional Board of Welfare. The National Board of Welfare was tasked by the government to

develop a quality measure that will be applied for all national registers in Sweden. In this re-

port various medical registers are matched with PAR, and thus their external completeness level

is evaluated. Since the collaboration between The Swedish Spine Register and The National

Board of Welfare began in 2014, Swespine is not evaluated in the earlier mentioned report.

From this definition, we believe that by completeness, the ambition in the Swespine register

is to calculate the percentage of the targeted population covered by its registry. To find whether
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this method meets its purpose, we have to understand which patients/procedures constitute

Swespine’s target population. Reading the definition carefully one can observe that the authors

seem to use different units, spinal procedures and patients. Since we have stated earlier that by

the way Swespine defines its registry a patient can have more than one spinal procedure, in this

definition’s context we cannot distinguish between these units.

3.1.1 Structure of the general population

Let us consider a theoretical general population of back surgeries in Sweden. Since Swespine’s

inclusion criteria are known, and, as it has been stated above, PAR includes all in-patient care,

it follows that the group of procedures/patients that are captured by PAR and not by Swespine,

are those who did not fulfil Swespine’s inclusion criteria. This idea prompted us to think of the

theoretical general population in terms of groups of procedures/patients that are being captured

by these two registries, or in other words by Swespine’s and PAR’s target populations, as it is

presented in Figure 1.

Figure 1: Defining the theoretical population in terms of Swespine and PAR’s inclusion criteria

From Figure 1, we can calculate:

• The ideal population: Nideal = A+B +C +D

• Swespine’s theoretical target population: S = A + B

• PAR’s theoretical target population: P = A + C

Where:
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A – the total number procedures resulted from the patients who are being operated for

the first time on a certain segment regardless of the diagnosis;

– the total number procedures resulted from the patients who are being operated con-

secutively but on a different segment regardless of the diagnosis;

– the total number procedures resulted from the patients who are being operated on

the same segment as in the previous operation, new diagnosis;

B – the same criteria as A;

C – the total number procedures resulted from the patients who are being re-operated

on the same segment, new diagnosis;

– the total number procedures resulted from the patients who are being re-operated

on the same segment due to complications;

– the total number procedures resulted from the patients who are being operated on

other segment due to complications from a previous operation;

D – the total number procedures resulted from the patients who are being operated in

hospitals/clinics that did not join neither Swespine nor PAR. We expect this group

to not be empty;

3.1.2 Two possible target populations

By defining the general population in terms of Swespine and PAR’s target populations, exclud-

ing D, we conclude that they cannot be fully compatible. Since we cannot know the number

of spinal surgeries that are not being captured by these two registers, the theoretical general

population of back surgeries could be:

Ntheoretical = A+B + C (1)

Above we have defined what the theoretical general population of back surgeries in Sweden is

comprised of. In order to calculate the actual entire population of spinal surgeries in Sweden,

one needs to have in mind that not all patients respond to the Swespine questionnaire, and some

medical units might overlook reporting to PAR in a given time. As a result, Figure 2, presents

the actual entities that form the entire population of spinal surgeries in Sweden.
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Figure 2: Defining the actual population in terms of Swespine and PAR’s inclusion criteria

Where,

RA – The number of received responses from section A;

RB – The number of received responses from section B;

RC – The number of reported surgical operations in section C;

Thus, if the theoretical general population of spinal surgeries in Sweden is formed of:

Ntheoretical = A+B + C, the actual entire population of spinal surgeries becomes:

Sactual = RA +RB +RC (2)

From the Swespine’s definition given above, and by the manner in which registers are defined

(Figure 1), the formula for completeness becomes:

Cext =
RA +RB

RA +RB +RC

× 100% (3)

From Equation 3, we see that when calculating the proportion of Swespine registry’s coverage,

the denominator is the entire population of recorded spinal surgeries in Sweden, which means

that it includes patients that Swespine excluded from its registry. This leads us to believe that

this method of calculating completeness can give misleading results.

With the logical structure given in Figure 2 it is natural to study the flow of data in the studied

populations. We study this for the years 2001-2009 since for these years we also had additional
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data, namely, the total number of operations performed at CSS, from the hospital’s official

operation logs.

• Total number of surgeries performed at Strängnäs Clinic from 2001-2009 (Total STR);

• Total number of surgeries reported by Swespine from the Strängnäs Clinic from 2001-

2012 (Swespine);

• Total number of surgeries from the Strängnäs Clinic that can be found in PAR from 2001-

2012 (PAR);

• Total number of surgeries from from the Strängnäs Clinic that can be found in the official

Swespine database from 2001-2012 (this database is available for individual medical

units that participate in the Swespine register) (Database);

From the way that Swespine defines its entries, by plotting these figures we expect to see that:

• The difference between the total number of surgeries at Strängnäs and the total number

of surgeries reported by Swespine, is the total number of procedures who have not met

the Swespine’s inclusion criteria, corresponding to letterRC in Figure 2.

• The the total number of entries in the Swespine database and the total number of surgeries

reported by Swespine should coincide, corresponding to the categories RA + RB in

Figure 2;

• The total number of surgical interventions performed at Strängnäs should include all the

patients that are eligible to receive a Swespine questionnaire, and all procedures who did

not fulfil the inclusion criteria, corresponding toRA +RB +RC in Figure 2.
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Figure 3: Number of Surgical Procedures - Strängnäs - 2001-2012

From Figure 3, we can see that none of our expectations were met. The following observations

can be made:

• The number of entries in the database and the number or reported surgeries by

Swespine that were presented for the period 2001 to 2012 only coincide in 2008.

• The number of surgeries in PAR is always smaller than the number of reported surg-

eries by Swespine. Furthermore, until 2005, there were no surgeries from Strängnäs

included in PAR. The reason for this could be the fact that Strängnäs Hospital began

reporting the needed information to PAR. If this situation is present in more hospitals,

means that that Swespine is over-evaluating its completeness level;

• These differences lend us to believe that the level of completeness reported by Swespine

(48% in 2002 to 73% in 2008 where it remained constant until 2014, as stated in the

report) does not reflect the true percentage of the target population that Swespine’s reg-

ister covers. The improvement that we see in 2008, for Strängnäs is due to the fact that

the total number of surgeries in PAR reaches the total number of reported surgeries in

Swespine. From Swespine’s ambition to measure its level of completeness by matching
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its units with the ones in the PAR register and using the difference to help estimate the

”the number of spinal procedures performed in Sweden” we believe that PAR is expected

to have at least the same number of surgeries as Swespine. The fact that for Strängnäs

Clinic has no entries in PAR between 2001-2012 and less entries than Swespine regis-

ter between 2004-2009, contradicts the purpose of using it as a background register for

measuring completeness.

3.1.3 Swespine’s official external completeness

Swespine states in the 2014 report, that the completeness level of its register was 48% in 2002

gradually reaching 73% in 2008 and remained constant until 2012. To see an example of how

Swespine computes its level of completeness, we will use the scheme presented in Figure 2 and

replace the cells with their corresponding figures for the years 2002 and 2009 that are found in

Swespine’s 2014 report.

(a) Year 2002 (b) Year 2009

Figure 4: Swespine and PAR 2002 and 2009 registered entries

From Figure 3 we can see that both registers cover a considerably larger proportion of their

specific target population in 2009 compared to the year 2002. Since we expect that no register

could have a 100% coverage, the cell corresponding to letter D remains unknown throughout

the years.

Using Formula 1 we get the following results:

C2001 =
1478 + 405

1478 + 405 + 2061
× 100 = 47.78% (4)

C2009 =
5091 + 727

5091 + 727 + 2069
× 100 = 73.76% (5)

14



From Swespine’s official method of calculating external completeness, an considerable im-

provement in the completeness level is observed. In 2002, Swespine registers a 47.78% level

of completeness and by 2009 it reaches 73.76%.

3.1.4 Our suggestion of calculating external completeness

In our opinion, if the ambition with Swespine is to calculate the percentage of the target popu-

lation that the registry covers, a more appropriate method is given by Goldberg[7]. The formula

for this method is given in Equation 6.

Cext =
RA +RB

A+B
× 100 (6)

Where A + B could be approximated by keeping track of all the questionnaires that have been

sent out in a specified period of time. We are aware that keeping a rejection log could raise

ethical questions, but keeping track of the number of total patients who were able to receive

a Basic Information Form and the total number of received answers to the Basic Information

Form would be of great use. In our opinion, only by dividing the total number of received

responses from patients by the total number of sent out questionnaires will result in an accurate

measure of the register’s completeness. Using a second registry that does not target the same

population, could be useful only in the situation when the validity of a registry is being inves-

tigated.

In this section we reach the following conclusions:

We do not have the needed information to calculate a proper measure of external completeness

(by the method that we have suggested). We believe that this measure is possible to be obtained

if the following recommendations are followed:

• When establishing a register besides stating its purpose, it is of high importance to define

the primary unit;

• After defining the primary unit, it is of equal importance to define the target population

that the register is aimed to cover;

• To measure completeness it is necessary to keep track of all the patients that meet the

register’s inclusion criteria. This will enable us to calculate the number of patients who
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refused to respond to the Basic Information Form as well as the follow-up questionnaires;

• When using a different register with the intention of comparing the recorded units one

must make sure that both registers have the same target population.

• All these information has to be made public in order to make sure that all the researchers

that will use the register’s data for research purposes are aware of the register’s strong

and week points.

4 Internal completeness

In this section we will assess the completeness level of the follow-up, or in other words, the in-

ternal completeness. To calculate the internal completeness level, let us first consider the target

population as all eligible patients in the country who responded to the Swespine questionnaire

during a specified time period or RA +RB as defined above . The level of completeness will

be regarded as the percentage of patients who remained on study after 1 year, 2 years, 5 years

and 10 years.

4.1 Internal completeness in Swespine

Since the target population is defined, the level of completeness can be expressed as follows:

Cint =
Tij
T0j
× 100 (7)

where,

• T=Total number of responses in the year i cohort j, where i ∈ {0, 1, 2, 5, 10} and j ∈

[2000, 2014]

To see the changing frequencies of completeness throughout the entire database, Lexis dia-

gram was chosen. Lexis diagram was used from the 1870’s as a demographer’s tool to present

population dynamics. It became a very useful graphical representation since it allows for the

systematics location on one plane of the three coordinates used to classify people who expe-

rienced the event of interest and those who did not. In this way, as Cristophe Vandeschrick

defines it[9] ”the population figures can be located in keeping with certain criteria expressed in
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terms of the three coordinates rather than the evolution of one variable in relation to the other”.

In our case, Lexis diagram will be used to locate the number of patients that were present on

the study from the year they responded the Swespine’s Basic Information Form, the years spent

on study before they dropped out, and the time of drop-out.

Figure 5: The flow of data in the Follow-up. The blue area denotes the data that can be found
in the first database and the red area is the data that can be found in the second database

The reason for non-response could be the following:

• The patient chooses not to participate;

• The patients simply do not exist any more;

In Figure 5, the delimited blue area shows the cohorts that can be followed up from the first

database and the delimited red area shows the cohorts that can be followed up from the the

second database. We have stated above that on a Lexis diagram could locate the number of

patients that were present on the study from the year they have given the first response to the

Swespine’s Baic Information Form, the years spend on study and the year they have dropped

out. This would be possible if all the responses to the follow-up questionnaires were submitted

exactly after the specified period of time corresponding to the follow up period. This is not

the case in the Swespine register. The period of time between the response to the follow-up

questionnaire and the operation year is larger or in some cases it is smaller than the specified

follow-up period

17



From Figure 5 one can easily observe how the number of patients who responded to the follow-

up drops. The first line in the diagram is the year of the response to the Basic Information

Form, and the next lines correspond to number of years spent on study. In each cell the abso-

lute frequencies are found.

When calculating the internal completeness for a given follow-up period, one must take into

consideration that not all the patients are eligible to respond to the follow-up questionnaire. For

example, if a patient had its surgical intervention in the final months of 2010, he will be able

to receive the 5 year follow-up questionnaire in the final months of 2015, so the cohorts from

2010-2014 should be excluded when calculating the completeness level for the 5 year follow-

up. The column ”Eligible” has the total number of patients who were eligible to respond to the

follow-up periods and the column total contains the number of patients who actually responded.

We could not find an explanation for the missing data in the 5 year follow-up until the year

2002 and in the 10 year follow-up until the year 2003. Since we do not know whether this

only occurs for the Strängnäs Clinic or in the entire Swespine’s Register database, when we

calculated the total internal completeness these years were not taken into consideration.
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Y earj T0j T1j % T2j % T5j % T10j %

2000 283 188 66.43% 155 54.77% 0 0% 0 0%

2001 286 206 72.029% 170 59.44% 0 0% 0 0%

2002 351 256 72.94% 193 54.99% 0 0% 0 0%

2003 400 271 67.75% 249 62.25% 178 44.5% 0 0%

2004 482 392 81.33% 297 61.62% 219 45.43% 109 22.61%

2005 513 382 74.46% 333 64.91% 239 46.59%

2006 515 390 75.73% 334 64.86% 323 62.72%

2007 547 394 72.03% 388 70.93% 297 54.29%

2008 608 510 83.88% 399 65.63% 321 52.79%

2009 668 439 65.72% 458 68.56% 368 55.09%

2010 698 552 79.08% 442 63.32%

2011 743 501 67.43% 427 57.47%

2012 690 493 71.45% 460 66.67%

2013 725 508 70.07%

2014 700

Total 8209 5482 69.35% 4305 63.45% 1945 52.10% 109 22.61%

Table 1: Internal Level of Completeness expressed in relative and absolute values

Looking at the 1 year follow-up, the cohort with the highest level of internal completeness is

2008, with 83.88% of patients remaining on study. The lowest completeness level is registered

for the cohort 2000 with 66.43% of patients remaining on study after 1 year of follow-up. In

the 2 year follow-up, the cohort that reaches the highest completeness level is the cohort 2007,

with almost 71% completeness level. In contrast with the cohort 2000 that has a completeness

level of 54.77%.

For the 5 year follow-up, the overall internal completeness was calculated without taking into

consideration the years 2000-2003 where no entries were registered in the database. Total in-

ternal completeness level is 52.10% from 63.45% in the previous follow-up period. The cohort

with the highest internal completeness level is 2006 with 62.72% of patients remaining on

study. The cohort with the lowest internal completeness level is 2003 with 44.50% of patients
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remaining on study.

For the 10 year follow-up, the overall internal completeness was calculated without taking

into consideration the years 2000-2004, where, like in the 5 year follow-up, no entries were

registered. Here, the overall internal completeness reaches 22.61%.

We do not know how many of the patients who did not respond to the follow-up question-

naires were deceased before the questionnaire was sent-out. Keeping this in mind, we are

aware that these results do not reflect the true value of internal completeness. If the number of

the deceased patients was known, we expect that a higher internal completeness level would be

obtained.

4.2 How age at operation affects the internal completeness in Swespine

Having the conclusions reached in the previous subsection in mind and considering that dif-

ferent diagnosis can target different age groups, the cumulative distribution functions will be

plotted for variable Alder (age at operation) by Y1, Y2, Y5, Y10 and by the following chosen

diagnoses:

• Paramediant diskbråk;

• Central spinal stenos utan degen olistes (≤ 3 mm);

• Spondylolys/Spondylolistes isthmisk;

After careful consideration these three diagnoses were chosen from the total eleven available.

This choice was made based on the degree of prevalence in the database. Where:

• Y1 = 1 if the patient has responded to the 1 year follow-up and Y1=0 if the patients has

not responded to the 1 year follow-up;

• Y2 = 1 if the patient has responded to the 2 year follow-up and Y2=0 if the patients has

not responded to the 2 year follow-up;

• Y5 = 1 if the patient has responded to the 5 year follow-up and Y5=0 if the patients has

not responded to the 5 year follow-up;
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• Y10 = 1 if the patient has responded to the 10 year follow-up and Y10=0 if the patients

has not responded to the 10 year follow-up;

The differences between the distributions will be tested with Kolmogorov-Smirnof(KS) test.

For the 1, 2 and 5 year follow-up, Kolmogorov-Smirnof was significant at 5% significance

level.

Figure 6: Cumulative Distribution Function for Alder (age at operation) by Diagnos, where
Diagnos=1:Paramediant diskbråk, Diagnos=2: Central spinal stenos utan degen olistes (≤ 3
mm), Diagnos=4:Spondylolys/Spondylolistes isthmisk;

In Figure 6, the cumulative distribution function for age were plotted for the three men-

tioned diagnoses. We see that the diagnosis which has the youngest group of patients is Para-

mediant diskbra̧k, with a mean of 44.92 years and a median of 43 years. The diagnosis with

the oldest patients is Central spinal stenosis with a mean of 66.62 years and a median of 67

years. The diagnosis Spondylolys has a mean of 50 years and a median of 49 years old. From

the mean and the median for all distributions they seem symmetrical. From Figure 6, we can

expect to have a higher prevalence in the follow-up of patients who were diagnosed with Para-

mediant diskbra̧k. Next we will plot the age at operation (Alder) by whether the patients have

responded or not to the follow-up questionnaires.
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(a) Follow-up Year 1 (b) Follow-up Year 2

(c) Follow-up Year 5 (d) Follow-up Year 10

Figure 7: Cumulative Distribution Functions for Alder(Age at operation) by Y1, Y2, Y5 and
Y10, where Y=1 if the patient has responded to the follow-up and Y=0 if the patient has not
responded to the follow-up

From Figure 7 we see that the age distribution for patients who responded to the follow-up

questionnaire is different from the distribution for the patients who did not give a response. The

age distribution for patients who did not give an answer to the follow-up questionnaires looks

similar throughout the follow-up time periods compared to the age distribution of patients who

responded. The patients who did not give an answer to the 1 and 2 year follow-up question-

naire are younger than the ones who responded. This situation changes after 5 and 10 years of

follow-up.

For the 5 year follow-up the difference between the distribution is still statistically signifi-

cant, but after the age 70, the situation changes, patients who responded to the 5 year follow-up

had an operation at an earlier than the ones who did not respond. For the 10 year follow-up
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the difference between the two distributions are not significantly different. From 20-65 years,

we see the same tendency as before (patients who responded to the 10 year follow-up had the

operation at an older age than the patients who did not respond), after this period, the situation

changes, the patients who responded to the 10 year follow-up questionnaire had the operation

at a younger age than the ones who chose not to. This was to be expected, since after 60 years

of age, the life expectancy is considerably lower.

The main conclusion from the listed facts above is that all the prospective studies that will

include the data from the follow-up from the Swespine register, should take patient’s age at

operation and patient’s diagnosis in consideration.

4.3 Selection Bias

We have stated earlier in the paper that Swespine’s purpose is to measure patient perceived

quality regarding their received medical care. This information is captured in the follow-up

questionnaires where patients express their attitude towards their surgical intervention. The

results from the follow-up questionnaires are displayed in the Swespine’s yearly reports. The

reports are being used mainly by hospitals to assess the evolution of their patient care. It fol-

lows that if the patients who are more likely to respond to the follow-up questionnaire are the

ones that who are more satisfied with the outcome of their spinal operation, the results from the

follow-up questionnaire could be biased. In a study that is based on randomized trials, selection

bias will not be a serious problem, because it affects all groups equally, whereas in a register

study this is no longer applicable[10].

To assess whether the non-response level would introduce any bias in a prospective study that

uses the results from the follow-up data, we have to test whether there are any differences in

the satisfaction level between the patients who responded to the follow-up questionnaire and

the ones who chose not to. To do so, we tested whether there is a difference between patients’

satisfaction level in period i based on whether they have responded or not to the follow-up

questionnaire in period i+ t, where i ∈ 1, 2 and t is the period of follow-up.

From the total number of patients who were eligible to respond to the 2 year follow-up question-

naire (6784), 4305 patients responded. By the year 5 of follow-up, 1945 of patients remained

on study and 1788 dropped-out from 3733 eligible patients. It is also worth mentioning here

23



that 29.69% of patients who decided to respond to the 2 year follow-up, did not respond to the

question InstRes1 (attitude towards the result of the surgical intervention in the 1 year follow-

up) and 37.81% of patients who responded to the 5 years follow-up did not give a response

to the question IstRes2 (attitude towards the result of the surgical intervention in the 2 year

follow-up).

Follow-up year 2

InstRes1 Total

Y2 Satisfied Doubtful Dissatisfied

No answer 65.23% 21.89% 12.88% 22.86%(1110)

Answer 77.68% 16.10% 6.22% 77.14%(3746)

Total 74.84%(3638) 17.42% (846) 7.64%(376)

Chi-Square DF Prob

83.55 2 <0.001

Table 2: Patients’ satisfaction level with regards to whether they gave a response to the 2 year
follow-up

From table 2 we see the relative frequencies of the patients who responded to the 2 year

follow-up by their satisfaction level with the outcome of their surgical intervention after one

year has passed. It can be observed that 3746 patients responded to the 2 year follow-up, out

of these 59.93% were satisfied with the outcome of their surgical intervention and 6.22% were

dissatisfied. There are 1110 patients who did not respond to the 2 year follow-up questionnaire.

Out of these, 65.23% were satisfied with the outcome of their surgical intervention and 12.88%

were dissatisfied. We tested the difference in satisfaction level with the results of the surgical

intervention after 1 year has passed between the patients who responded to the 2 year follow-up

and the patients who did not give a response to the 5 year follow-up. The difference between

these groups of patients is statistically significant on a 5%, with a Chi-Square test value of

83.55.
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Follow-up year 5

InstRes2 Total

Y5 Satisfied Doubtful Dissatisfied

No answer 68.00% 22.13% 9.87% 31.25%(750)

Answer 79.27% 14.97% 5.76% 68.75%(1650)

Total 75.75% (3638) 17.21%(846) 7.04%(376)

Chi-Square DF Prob

36.39 2 <0.0001

Table 3: Patients’ satisfaction level with regards to whether they gave a response to the 5 year
follow-up

From table 3 we see the relative frequencies of the patients who responded to the 5 year

follow-up by their satisfaction level with the outcome of their surgical intervention after two

years have passed. It can be observed that 1650 patients responded to the 2 year follow-up,

out of these 79.27% were satisfied with the outcome of their surgical intervention and 5.76%

were dissatisfied. There are 750 patients who did not respond to the 5 year follow-up ques-

tionnaire. Out of these, 68% were satisfied with the outcome of their surgical intervention and

9.87% were dissatisfied. We tested the difference in satisfaction level with the results of the

surgical intervention after 2 years have passed between the patients who responded to the 5

year follow-up and the patients who did not give a response to the 5 year follow-up. The dif-

ference between these groups of patients is statistically significant on a 5%, with a Chi-Square

test value of 83.55. These differences can also be observed in the barc charts in Figure 8 below.
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(a) Satisfaction level in year 1 of follow-up - patients who
responded to the 2 year follow-up

(b) Satisfaction level in year 2 of follow-up - patients who
responded to the 5 year follow-up

Figure 8: Stacked Bar Charts - Satisfaction level 1 year (InstRes1) and 2 years (InstRes2) af-
ter the surgical intervention divided by whether the patient has responded or not to the 2 year
follow-up (Y2) and 5 year follow-up (Y5), where InstRes1: 1=Satisfied, 2=Doubtful, 3=Dis-
satisfied, InstRes2: 1=Satisfied, 2=Doubtful, 3=Dissatisfied, Y2: 0=No answer, 1=Answer,
Y5: 0=No answer, 1=Answer

From Figure 8 we see a graphical representation of the figures displayed in Table 2 and in

Table 3. With this graphical representation it is easier to see the differences between the studied

groups.

We conclude that the non-response level might introduce bias, at least at the 2 year and 5

year follow-up level, although we cannot tell to what degree it could influence the prospective

results. We can further study this by considering more variables in our analysis. Since we have

seen earlier that age is a factor that influences the response to the follow-up, we will use age

at operation and patient’s satisfaction level in the next section in order to see how these two

variables affect the likelihood of responding to the follow-up questionnaire.

4.4 Building the models

It is important to note that the data that are found in the Basic Information Form regard pa-

tients’ day-to-day life aspects that they have experienced prior to surgical intervention, so the

attitude toward their surgical intervention is captured in the follow-up questionnaires. The same

questions, as in the Basic Information Form (with small changes), are asked in the follow-up

questionnaires, which are sent 1, 2, 5 and 10 years after the surgical intervention. After 10 years
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of the follow-up, only 22% of patients on average responded to the follow-up questionnaire,

thus a model for the 10 year follow-up was not considered.

Another point we have to consider is the age at which patients had their surgical intervention.

Since one of the follow-up questionnaires will be sent after up to 10 years, we have to consider

that a considerable number of patients might not be alive after that time (not necessarily due to

surgical intervention).

We will construct two logistic regression models, the specifications for the logistic regression

methodology is found in the Appendix. Both of these models will include whether the patient

has responded to the follow-up questionnaire or not as the dependent variable. Patient’s age at

the time of the surgical intervention and its satisfaction level with its result will be used as in-

dependent variables in the model. The difference between these two models is the time period

at which the patients’ response is recorded. For the first model, the dependent variable contains

the information about their response two years after the surgical intervention, and the responses

to the independent variables are recorded 1 year after the surgical intervention. For the second

model, the dependent variable contains information about their response 5 years after the pa-

tient’s surgical intervention and the responses to the independent variables are recorded 2 after.

Assumptions for the logistic regression were checked for both models. The multicollinearity

was checked by looking at the Spearman correlation values between the independent variables.

Since one of the independent variables in moth models is categorical, variation inflation factor

could not be calculated. In both models, correlation between the independent variables is less

than 0.2, 1.15 in the first model and 0.17 in the second model respectively. We hence believe

that multicollinearity is not of concern in these models. The second assumption, about the sam-

ple size was also checked, each estimated parameter having more than 10 observations.

27



4.4.1 Which groups of patients are more likely to respond to the 2 year follow-up ques-

tionnaire?

Y 2j = β0 + β1Alderj + β4InstRes1j + εj

In this model, we wanted to capture the influence of patients’ age and their attitude towards

their past surgical intervention on the 2 year follow-up response rate. Hence, the following

variables were used in this model:

• Y2: The binary variable that denotes whether the patients has responded or not to the 2

year follow-up questionnaire;

• Alder: patient’s age at the time of the surgical intervention;

• InstRes1: What is your attitude toward the result of your past surgical operation? (1 - I

am satisfied; 2 - I am doubtful; 3 - I am dissatisfied);

Goodness of fit

The Likelihood Ratio test is 150.97 with a corresponding p-value < 0.0001 resulting in reject-

ing the H0 : β = 0 at a 5% significance level. From this we conclude that the model has an

overall good fit. The Wald test gives the following results: Alder = 74.06 and InstRes1=102.89,

making the parameters significant at 5% significance level.

Since the variable InstRes1 has more than 2 categories, it has been decided to set InstRes1

= 1 (I am satisfied) as reference category. The results from the Maximum Likelihood Estima-

tion can be seen in Table 4.

Parameter Estimate Std. error Wald χ2 p-value Exp(Est) 95% CI

Intercept 0.2904 0.1319 4.8443 0.0277 1.337 -

Alder 0.0199 0.0023 74.06 <0.001 1.020 (1.016; 1.025)

InstRes1=2 -0.5834 0.0886 43.31 <0.001 0.558 (0.469; 0.664)

InstRes1=3 -1.0332 0.1169 78.1485 <0.0001 0.356 (0.283; 0.447)

Table 4: Analysis of Maximum Likelihood Estimates - Model 1: Which groups of patients are
more likely to respond to the 2 year follow-up questionnaire
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From Table 4, we see that the odds of responding to the 2 year follow-up questionnaire,

increases by 2% on average for every year older the patient is when he has its back surgery.

The odds ratio equals to 0.558 for the variable IstRes1=2 meaning that the odds of responding

to the 2 year follow-up questionnaire is on average 44.2% lower for patients who are doubtful

about the result of their surgical intervention compared to the patients who are satisfied. The

patients who are dissatisfied are on average 64.4% less likely to respond to the 2 year follow-up

questionnaire than the patients who are satisfied.

(a) Effects of Alder and InstRes1 (b) ROC Curve Model 1)

Figure 9: Predicted Probabilities Plot - Effect of InstRes1 and Alder on the probability to re-
spond to the 2 year follow-up questionnaire, where InstRes1: 1=Satisfied, 2=Doubtful, 3=Dis-
satisfied

In Figure 9(a) we see how patients’ probability to respond to the 2 year follow-up question-

naire is affected by their satisfaction level with the operation results 1 year after the surgical

intervention and their age at the time of the surgical intervention. There is a clear difference

between the groups as it has been shown earlier, the patients who are satisfied with the results

of their surgical intervention are more likely to respond to the 2 year follow-up questionnaire

than the ones who are doubtful or dissatisfied. Another factor that affects the response rate

is age, patients who had their surgical intervention at a older age have a bigger likelihood to

respond to the 2 years follow-up questionnaire.

In Figure 9 (b) the ROC curve is presented, which exhibits the explanatory power of our regres-
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sion model. This is a useful diagnostic tool for discrimination between the response (Y2=1)

and non-response (Y2=0). If the area under the curve equals to 0.5 means that our classifier

(Y2) has no information about the class. If the area under the curve is less than 0.5 it means

that our classifier performs worse than random guessing. It follows that if the area under the

curve is larger than 0.5 our predictor performs well. For this model, the area under the curve is

0.6175, meaning that Y2 has some discrimination power.

4.4.2 Which groups of patients are more likely to respond to the 5 year follow-up ques-

tionnaire?

Y 5j = β0 + β1Alderj + β4InstRes2j + εj

In this model, we wanted to capture the influence of patients’ age and their attitude towards

their past surgical intervention on the 5 year follow-up response rate. Hence, the following

variables were used in this model:

• Y2: The binary variable that denotes whether the patients has responded or not to the 2

year follow-up questionnaire;

• Alder: patient’s age at the time of the surgical intervention;

• InstRes2: What is your attitude toward the result of your past surgical operation? (1 - I

am satisfied; 2 - I am doubtful; 3 - I am dissatisfied);

Goodness of fit

The Likelihood Ratio test is 33.72 with a corresponding p-value < 0.0001 resulting in rejecting

the H0 : β = 0 at a 5% significance level. From this we conclude that the model has an overall

good fit. The Wald test gives the following results: Alder = 21.31 and InstRes2=18.21, making

the parameters significant at 5% significance level.

Since the variable InstRes2 has more than 2 categories, it has been decided to set InstRes2

= 1 (I am satisfied) as the reference category. The results from the Maximum Likelihood Esti-

mation can be seen in Table 5.
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Parameter Estimate Std. error Wald χ2 p-value Exp(Est) 95% CI

Intercept -0.3147 0.1486 4.48 0.0342 0.730 -

Alder 0.0118 0.0025 21.31 <0.0001 1.012 (1.007; 1.017)

InstRes1=2 -0.3282 0.1028 10.19 0.0014 0.720 (0.589; 0.881)

InstRes1=3 -0.4927 0.1517 10.54 0.0012 0.611 (0.454; 0.823)

Table 5: Analysis of Maximum Likelihood Estimates - Model 2: Which groups of patients are
more likely to respond to the 5 year follow-up questionnaire

From Table 5, we see that the odds of responding to the 2 year follow-up questionnaire,

increases by 1.2% on average for every year older the patient is when he has its back surgery.

The odds ratio equals to 0.720 for the variable IstRes2=2 meaning that the odds of responding

to the 2 year follow-up questionnaire is on average 28% lower for patients who are doubtful

about the result of their surgical intervention compared to the patients who are satisfied. The

patients who are dissatisfied are on average 38.9% less likely to respond to the 2 year follow-up

questionnaire than the patients who are satisfied.

(a) Effects of Alder and InstRes1 (b) ROC Curve Model 2)

Figure 10: Predicted Probabilities Plot - Effect of InstRes1 and Alder on the probability to re-
spond to the 2 year follow-up questionnaire, where InstRes1: 1=Satisfied, 2=Doubtful, 3=Dis-
satisfied

In Figure 10 (a), we see how patients’ probability to respond to the 5 year follow-up ques-

tionnaire is affected by their satisfaction level with the operation results 2 year after the surgical
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intervention and their age at the time of the surgical intervention. There difference between the

patients’ satisfaction level and their probability to respond to the 5 year follow-up question-

naire is not that perceptible as in the previous model. Another factor that affects the response

rate is age, patients who had their surgical intervention at a older age have a bigger likelihood

to respond to the 2 years follow-up questionnaire. The latter situation could be improved by

implementing an on-line version of the questionnaire, making it more accessible for all age

groups. The area under the ROC curve is equal to 0.5620, which means that our classifier has

a relatively low discrimination power.

Conclusions reached in this section:

For year 2 of follow-up patients who are dissatisfied with the result of their surgical inter-

vention, are on average 64.4% less likely to respond to the follow-up questionnaire. For the

5 year follow-up questionnaire patients who are dissatisfied with the result of their surgical

intervention, are on average 38.9% less likely to respond to the follow-up questionnaire. For

both follow-up years age at operation was significant, the odds of responding to the follow-up

questionnaire increased with age at operation.

Looking at these results, we believe that the odds of responding to the follow-up questionnaire

increases with age at operation because the older a patient is at the time of the surgical inter-

vention, the bigger impact the operation will have on the patient’s recovery. That would make

the operation more important for this group of patients which means that giving their opinion

would be that more valuable. Another explanation could be the fact that older patients are more

used to filling-in questionnaires for various registers, as Sweden is renown for its long history

of establishing registers in various sectors. It is not stated whether the patients have an option to

fill-in the questionnaire on-line or the only option of completing it is on paper. Younger patients

may prefer to fill-in the questionnaires on-line, rather than, on paper. This fact could account

for another reason why older patients tend to have a bigger response rate than the younger ones.
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5 Conclusions

After completing our analysis the following conclusions are drawn:

External Completeness:

• For each register it is desirable to give a definition of the target population that is intended

to be covered.

• In this paper we assume that the target population that the Swespine register is trying to

cover is: the total number of spinal procedures that took place in Sweden in a specified

period of time.

• In order to answer the question: How complete is the Swespine register? a log of sent out

questionnaires must be kept.

Internal Completeness:

• For any studies that are based on the results from the follow-up data, it is necessary to re-

alize its shortcomings: there are years in which no data are registered (ex: for the 5 year

follow-up there is no data registered for the patients who had their back operation be-

tween the years 2000-2003), the responses to the follow-up questionnaires are submitted

earlier or later than we would expect from the follow-up period.

• In any studies that are based on the results from the follow-up data more often than not,

it is relevant to take into consideration age at operation.

• The non-response might introduce selection bias, at least at the 2 and 5 year follow-up

level, as patients who are satisfied with the results of their surgical intervention have a

bigger likelihood of responding to the follow-up questionnaires.

• From the two implemented models, we conclude:

– the patients that are satisfied with the results of their surgical intervention are more

likely to respond to the follow-up questionnaire;

– the group of patients that had their operation at an older age, are more likely to

respond to the follow-up questionnare;
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6 Further Developments

There are several ways to improve the presented models:

• The presented models could be studied for each diagnosis;

• More variables that are believed to influence the response to the follow-up could be in-

cluded in each model;

• A separate model could be built for capturing the influence of various variables from the

Basic Information Form on the 1 year follow-up response rate;
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