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IV. SUMMARY 
 

Background 

   Degenerative spine disorders are a leading cause of disability worldwide, often requiring 

surgical intervention when conservative treatments fail. As populations age and life expectancy 

increases, the prevalence of these conditions continues to rise, placing a growing burden on 

individuals, healthcare systems, and economies.	However, defining surgical success remains 

challenging due to the subjective nature of symptoms associated with degenerative spine 

disease. Traditional outcome metrics—such as radiographic findings or surgeon-reported 

measures—often fail to capture the full scope of a patient’s postoperative experience. This has 

led to a paradigm shift toward incorporating the patient’s voice into outcome evaluation, with 

patient-reported outcome measures (PROMs) now widely recognized as indispensable tools in 

both clinical practice and research. Given the central role that PROMs play in evaluating 

surgical outcome through a patient perspective, it is essential that these tools are both clinically 

meaningful and psychometrically valid within the context in which they are used. 

Despite their widespread adoption, several limitations persist, including recall bias, varying 

cultural validity of tools, and the need for clearly defined clinically meaningful change 

thresholds. Therefore, there is a growing need for validated, reliable, and culturally adapted 

PROMs in spine surgery, especially in the European Portuguese-speaking population. 

 

Aims 

   The main aim of this thesis was to contribute to the improvement of outcome assessment in 

degenerative spine surgery by enhancing the validity, reliability, and interpretability of patient-

reported outcome measures.  

   Firstly, the thesis sought to investigate the extent and clinical relevance of recall bias in 

PROM data collection. In many clinical settings, baseline PROMs are not recorded 

prospectively, and patients are instead asked to retrospectively estimate their preoperative 

symptoms. This retrospective assessment may be influenced by the patient’s memory bias, 

introducing a systematic error that could distort the perceived effectiveness of surgery. The 

thesis aimed to ascertain the impact of this bias on postoperative PROM scores and assess its 

implications for outcome interpretation. 

   Secondly, the research aimed to create and validate the European Portuguese versions of the 

Core Outcome Measures Index (COMI) for both patients with degenerative disease of the 
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lumbar and cervical spine. The COMI is a simple and efficient questionnaire that has been 

validated to multiple languages and is the PROM of choice for the European Spine Society. As 

such, the validation of the COMI in European Portuguese represents an important milestone 

for spine care in Portugal.  

Finally, this thesis aimed to establish the minimal clinically important change (MCIC) for both 

the COMI-back and COMI-neck. By defining these thresholds, the thesis aimed to provide 

clinicians and researchers with robust criteria to evaluate the effectiveness of surgical 

interventions in a way that is both standardized and patient centered. 

   Together, these three aims address some critical gaps in the current use of PROMs in spine 

surgery and provide a foundation for more accurate, meaningful, and culturally relevant 

outcome measurement. 

 

Methods 

   To address the objectives of the thesis, three complementary studies were conducted. 

The first study was a randomized controlled trial designed to evaluate the impact of recall 

bias in PROMs. Patients scheduled for lumbar and cervical spine surgery were randomized to 

a control and an intervention group. The control group completed postoperative PROMs 

without having access to their preoperative scores in the same questionnaires. Patients in the 

intervention group were given their preoperative answers during fulfilment of postoperative 

PROMs.  

The primary endpoint of the study was the median postoperative COMI score. The median 

postoperative Neck Disability Index (NDI) / Oswestry Disability Index (ODI) and EuroQol 

Five Dimension Questionnaire (EQ-5D) scores were the secondary endpoints.  

For the COMI, NDI and ODI lower scores (range 0 to 10 for the COMI;  0 to 100 for NDI / 

ODI) mean better clinical status while for the EQ-5D lower scores (maximum score:1) mean 

worse clinical status. 

   The second and third studies focused on the cross-cultural adaptation and psychometric 

validation of the European Portuguese versions of the COMI-back and COMI-neck. Following 

international guidelines for translation and cultural adaptation, both instruments underwent 

forward and backward translation, expert review, and pilot testing. Subsequently, a cohort of 

patients undergoing surgery for lumbar or cervical degenerative spine conditions completed 

the adapted PROMs at different time points. Psychometric evaluation included assessments of 

reproducibility and test-retest reliability, construct validity, responsiveness, and floor/ceiling 

effects. 
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Finally, the thesis employed an anchor-based approach to establish the MCIC values for both 

European Portuguese versions of the COMI-back and COMI-neck.  

 

Results 

   The findings of this thesis are based on the results of the three studies. 

   In the randomized controlled trial valid postoperative PROM data was available for 147 

patients (median age 58 years; 59.9% female). At a median follow-up of 17 months, patients 

in the intervention group reported significantly better postoperative outcomes compared to the 

control group. This included lower scores in the COMI (median 4.20 vs. 5.45, p = 0.023), 

ODI/NDI (28.45 vs. 36.00, p = 0.006), and higher scores in the EQ-5D (0.689 vs. 0.586, p = 

0.017). Because these findings were due to cervical patients a subgroup analysis of this cohort 

(n = 66) was performed. Only the cervical intervention group achieved a COMI improvement 

exceeding the minimal clinically important difference (MCID) (3.4 vs. 1.2) and had 

significantly better NDI and EQ-5D scores. 

 In the study validating the COMI-back, 108 (43 males, 65 females; mean age 56.4 years) 

patients completed the European Portuguese version of the COMI questionnaire preoperatively 

between January and December 2022. The mean baseline COMI score was 7.6, with sciatica 

(69.4%) and neurogenic claudication (28.7%) being the most common presenting symptoms. 

Psychometric analysis revealed no significant floor or ceiling effects. Construct validity was 

supported by excellent correlation between the COMI pain domain and Visual Analogue Scale 

(VAS) pain scores (ρ = 0.85), along with good correlations for function (ρ = 0.49), quality of 

life (ρ = 0.54) and disability (ρ = 0.58) when compared to the ODI and EQ-5D. The total COMI 

score also demonstrated strong correlation with the total ODI (ρ = 0.63) and EQ-5D (ρ = −0.70) 

scores. Test–retest reliability, assessed in 93 clinically stable patients, showed excellent 

intraclass correlation coefficients for the domains of well-being (0.84), quality of life (0.81), 

disability (0.86), and for the total COMI (0.89) score. The minimal detectable change was 1.52, 

and the MCIC was determined to be 2.1, with a sensitivity of 69% and specificity of 94%. 

   In the COMI-neck validation study, the questionnaires of 101 patients undergoing surgery 

for degenerative cervical spine disease (mean age 57.9 years; 51 males, 50 females) were 

analyzed. Myelopathy (73.3%) and radiculopathy (26.7%) were the most common diagnoses. 

The mean preoperative COMI score was 7.1. No significant floor or ceiling effects were 

observed, and construct validity was confirmed through strong correlations between COMI 

domains and comparator instruments: pain with VAS (ρ = 0.95), function and disability with 

the NDI (ρ = 0.54 and 0.47), and quality of life and well-being with EQ-5D (ρ = −0.44 and 
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−0.40). The total COMI score correlated very well with the NDI (ρ = 0.67) and well with the 

EQ-5D (ρ = −0.55). Reproducibility and test–retest reliability were assessed in 72 clinically 

stable patients over a 5-to-15-day interval, revealing stable scores (7.1 vs. 7.2; p = 0.88) and 

excellent ICCs for total COMI score (0.87), pain (0.90), and disability (0.85), with good 

reliability for function (0.78), well-being (0.79), and quality of life (0.74). The minimal 

detectable change was calculated at 1.76 points, while the minimal clinically important change 

was established at 2.0, with a sensitivity of 66% and specificity of 100%. 

 

Conclusion 

   This thesis demonstrates that recall bias can affect patient-reported outcome scores following 

degenerative spine surgery, with patients given access to their baseline responses reporting 

significantly better outcomes—particularly among those undergoing cervical procedures.  

In addition, the European Portuguese versions of the COMI-back and COMI-neck were 

successfully validated, showing strong construct validity, excellent reliability, and no 

significant floor or ceiling effects. Minimal clinically important change thresholds were also 

established, providing a benchmark for meaningful improvement in clinical practice. Together, 

these studies address key limitations in the use of PROMs in spine surgery, contributing 

validated, interpretable, and culturally adapted tools to support more reliable and patient-

centered outcome assessment. 
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V. RESUMO 
 

Introdução 

   A patologia degenerativa da coluna é uma das principais causas de incapacidade a nível 

mundial, frequentemente exigindo intervenção cirúrgica quando ocorre falência do tratamento 

conservador.  

Com o envelhecimento populacional e o aumento da esperança média de vida a prevalência 

destas doenças tem aumentado, causando impacto crescente nos doentes, nos sistemas de saúde 

e na economia.  

No entanto, a definição de sucesso cirúrgico nestes doentes é desafiante devido à natureza 

subjetiva da sintomatologia da patologia degenerativa raquidiana. As ferramentas 

tradicionalmente utilizadas para avaliar os resultados cirúrgicos tais como estudos 

imagiológicos ou medidas reportadas pelos cirurgiões frequentemente não permitem uma 

avaliação completa do estado clínico pós-operatório do doente. Isto levou a uma mudança de 

paradigma direcionado a incorporar a visão dos doentes para avaliar o resultado cirúrgico 

através das medidas reportadas pelos doentes (PROMs). Uma vez que as PROM são atualmente 

fundamentais na prática clínica e em investigação para avaliar o resultado cirúrgico através da 

perspetiva do doente, é essencial que estas ferramentas sejam clinicamente relevantes e 

possuam características psicométricas válidas dentro do contexto da sua utilização. 

   Apesar da ampla aplicação das PROM, subsistem várias limitações associadas às mesmas: 

viés de memória, diferenças na validade cultural e a necessidade de definir valores-limiar para 

mudanças clinicamente significativas. Assim, surge a necessidade de criar PROMs válidas, 

fiáveis e adaptadas culturalmente em doentes portugueses com patologia degenerativa da 

coluna vertebral. 

 

Objetivos 

   O principal objetivo desta tese foi contribuir para a melhoria da avaliação dos resultados 

cirúrgicos em patologia degenerativa da coluna vertebral, assegurando a validação, fiabilidade 

e interpretabilidade das PROM.   

   Em primeiro lugar esta tese pretendeu investigar a extensão e relevância clínica do viés de 

memória nos resultados das PROM. Em vários contextos clínicos as PROM são recolhidas 

retrospetivamente e não de forma prospetiva, com os doentes a realizarem uma estimativa do 

seu estado clínico pré-operatório baseada na memória desse estado clínico. Esta análise 
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retrospetiva pode ser influenciada pelo viés de memória introduzindo um erro sistemático 

suscetível de influenciar a perceção da eficácia da cirurgia. Esta tese pretendeu avaliar o 

impacto deste viés nos resultados das PROM pós-operatórias e perceber o seu efeito na 

interpretação destes resultados.  

   Em segundo lugar pretendeu-se criar e validar para português europeu a versão do Core 

Outcome Measures Index (COMI) para doentes com patologia degenerativa da coluna lombar 

e cervical. O COMI é um questionário simples e eficaz que foi validado para múltiplas línguas 

e é a PROM de referência da European Spine Society. Desta forma, a validação do COMI para 

português europeu representou um marco importante para a avaliação da patologia de coluna 

vertebral no contexto nacional.  

   Finalmente, esta tese pretendeu definir a mudança mínima clinicamente importante (MCIC) 

para o COMI-lombar e COMI-cervical. Através da definição deste valor visou-se providenciar 

aos clínicos e investigadores critérios robustos, padronizados e focados no doente para avaliar 

a eficácia das intervenções cirúrgicas. 

   Em conjunto estes três objetivos visam atenuar algumas das limitações atuais na aplicação 

das PROM na cirurgia raquidiana e ser um alicerce para uma aplicação mais precisa, válida e 

culturalmente relevante destas ferramentas.  

    

Métodos 

   Para se cumprirem os objetivos da tese realizaram-se três estudos complementares. 

O primeiro foi um estudo randomizado controlado que pretendeu avaliar o impacto do viés de 

memória no resultado das PROM. Doentes a aguardar cirurgia por patologia degenerativa 

lombar e cervical foram randomizados para um grupo de controlo e outro de intervenção. O 

grupo de controlo completou as PROM pós-operatórias sem acesso aos resultados pré-

operatórios enquanto os doentes no grupo de intervenção preencheram as PROM pós-

operatórias com acesso às respostas pré-operatórias. 

O desfecho primário do estudo foi o valor mediano do questionário COMI. Os desfechos 

secundários foram o valor mediano dos seguintes questionários: Neck Disability Index (NDI) 

/ Oswestry Disability Index (ODI) e EuroQol Five Dimension Questionnaire (EQ-5D). 

Para o COMI, NDI e ODI valores mais baixos (intervalo 0 a 10 para o COMI e 0 a 100 para 

NDI e ODI) representam melhor estado clínico enquanto para o EQ-5D valores mais baixos 

(resultado máximo:1) traduzem pior estado clínico. 

   O segundo e terceiro estudos focaram-se na adaptação transcultural e na validação 

psicométrica da versão para português europeu do COMI-lombar e COMI-cervical. A tradução 
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e adaptação cultural seguiram diretrizes internacionais com a realização de tradução direta, 

tradução reversa, avaliação por peritos e estudo piloto. A avaliação psicométrica incluiu 

avaliações da reprodutibilidade e fiabilidade teste-reteste, responsividade e efeitos de piso e 

teto. 

Finalmente, estabeleceu-se a mudança mínima clinicamente importante do COMI-lombar e 

COMI-cervical através de um método de ancoragem. 

 

Resultados 

   Os resultados desta tese baseiam-se nos resultados dos três estudos. 

   No estudo randomizado controlado foram avaliados 147 questionários válidos (idade 

mediana: 58 anos; 59,9% do sexo feminino). Os doentes no grupo de intervenção obtiveram 

resultados pós-operatórios significativamente melhores nas PROM face ao grupo de controlo 

após uma mediana de seguimento de 17 meses. Isto traduziu-se em valores mais baixos no 

COMI (mediana 4,20 vs. 5,45, p = 0,023), ODI/NDI (28,45 vs. 36,00, p = 0,006), e EQ-5D 

(0,689 vs. 0,586, p = 0,017). Uma vez que estes resultados se deveram aos doentes com 

patologia cervical fez-se uma análise deste subgrupo (n=66). Apenas os doentes do grupo de 

intervenção atingiram uma melhora clínica superior à diferença mínima clinicamente 

importante (MCID) no COMI-cervical (3,4 vs. 1,2), e os resultados do NDI e EQ-5D também 

foram significativamente melhores.  

   No estudo de validação do COMI-lombar, 108 doentes (43 homens, 65 mulheres; idade média 

56,4 anos) completaram no pré-operatório a versão em português europeu deste questionário 

entre janeiro e dezembro de 2022. O valor médio do COMI foi 7,6 e a ciática (69,4%) e a 

claudicação neurogénica (28,7%) foram os principais sintomas de apresentação. 

A análise psicométrica não revelou significativos efeitos de teto e piso e a validade de construto 

foi confirmada pelas seguintes correlações entre domínios: excelente entre a dor do COMI e 

da escala analógica da dor (VAS) (ρ = 0,85), boa entre função (ρ = 0,49), qualidade de vida (ρ 

= 0,54) e incapacidade (ρ = 0,58) quando comparados com o ODI e EQ-5D. O valor total do 

COMI demonstrou forte correlação com o valor total do ODI (ρ = 0,63) e EQ-5D (ρ = -0,70). 

A reprodutibilidade e a fiabilidade teste-reteste foram avaliadas em 93 doentes clinicamente 

estáveis e verificaram-se excelentes coeficientes de correlação para os seguintes domínios do 

COMI: bem-estar (0,84), qualidade de vida (0,84), incapacidade (0,81) e valor total do 

questionário (0,89). 

A variação mínima detetável foi de 1,52, e a mudança mínima clinicamente importante foi 

determinada como 2,1, com uma sensibilidade de 69% e especificidade de 94%. 
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   No estudo de validação do COMI-cervical 101 doentes (51 homens, 50 mulheres; idade 

média 57,9 anos) completaram no pré-operatório a versão em português europeu deste 

questionário. O valor médio do COMI foi 7,1 e a mielopatia (73,3%) e a radiculopatia (26,7%) 

foram os sintomas mais frequentes. 

Não se verificaram efeitos de teto ou piso significativos e a validade de construto foi 

confirmada com fortes correlações entre os domínios do COMI com outros questionários: dor 

com o VAS (ρ = 0,95), função e incapacidade com o NDI (ρ = 0,54 e 0,47), qualidade de vida 

e bem-estar com o EQ-5D (ρ = −0,44 e −0,40).  

O valor total do COMI correlacionou-se muito bem com o NDI (ρ = 0,67) e bem com o EQ-

5D (ρ = - 0,55). A reprodutibilidade e a fiabilidade teste-reteste avaliaram-se em 72 doentes 

clinicamente estáveis num intervalo entre 5 e 15 dias e revelaram resultados semelhantes entre 

avaliações: (valor total 7,1 vs. 7,2; p = 0,88). Os coeficientes de correlação foram excelentes 

para o valor total do COMI (0,87), dor (0,90) e incapacidade (0,85) e foram bons para a função 

(0,78), bem-estar (0,79) e qualidade de vida (0,74).  

A variação mínima detetável foi de 1,76, e a mudança mínima clinicamente importante foi 

determinada como 2, com uma sensibilidade de 66% e especificidade de 100%. 

 

Conclusão 

   Esta tese demonstra que o viés de memória pode afetar os resultados das PROM após 

cirurgias para tratamento de patologia degenerativa da coluna. Os doentes com acesso às 

respostas pré-operatórias reportaram resultados significativamente melhores, particularmente 

os doentes com patologia cervical.  

   Adicionalmente, as versões para português europeu do COMI-lombar e COMI-cervical 

foram validadas com sucesso, e demonstraram uma boa validade de construto, excelente 

fiabilidade e ausência de relevantes efeitos de piso e teto. Foram ainda definidos limiares para 

a mudança mínima clinicamente importante, proporcionando um ponto de referência para se 

estabelecer benefício clínico com as intervenções cirúrgicas nestes questionários.  

   Em conjunto, estes estudos abordaram importantes limitações na utilização das PROM na 

cirurgia de coluna, contribuindo com ferramentas válidas, interpretáveis e culturalmente 

adaptadas para permitirem uma avaliação dos resultados cirúrgicos mais fiável e centrada no 

doente. 
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1. INTRODUCTION 
 

1.1 Patient-reported outcome measures (PROMs) in clinical practice 

    
1.1.1 Historical context and definition of PROMs 

   It was in the early 20th century that Dr. Ernest Amory Codman first envisaged the necessity 

for an outcome and patient-driven assessment of surgical results. [1]  

This vision contributed to the transformation in health and spine care that has taken place since 

the 1970s with the realization that patient-reported outcome measures are fundamental tools in 

clinical practice and research in providing better patient care. [2] 

   Patient-reported outcome measures are questionnaires used to evaluate patient well-being, 

clinical status and treatment outcomes. Commonly evaluated domains include patient 

satisfaction with surgical or conservative outcome and medical care, symptoms such as pain / 

discomfort, functional status and overall health-related quality of life. [2,3] 

Additionally, these tools provide clinicians the opportunity to compare outcomes between 

different health-care providers or procedures, help prioritize surgical candidates and can help 

identify areas of patient care that may have been overlooked during the treatment process. [2,3,4] 

 

1.1.2 The process of creating a PROM 

   To ensure clinical relevance and scientific soundness, PROMs need to undergo a process of 

validation after their development. [5] 

Indeed, the development and validation of PROMs is guided by international standards. Most 

notably those set by the COnsensus-based Standards for the selection of health Measurement 

INstruments (COSMIN group), the U.S. Food and Drug Administration, and the European 

Medicines Agency, which provide a comprehensive structure to guarantee these questionnaires 

are scientifically rigorous and clinically meaningful. [5,6,7] 

   The COSMIN initiative was created in 2005 with a view to address the variability and 

sometimes lack of rigor in the creation and assessment of health measurement instruments, 

including PROMs. [5] The COSMIN consensus recognized the importance of having high-

quality, standardized and comparable measurement tools and therefore developed guidelines to 

validate these instruments. This includes criteria for assessing content and construct validity, 

structural validity, internal consistency, reliability, measurement error, responsiveness, and 

interpretability. [5] 
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   The initial phase in developing a PROM involves the generation of relevant domains through 

a combination of systematic literature reviews, expert input, and, crucially, patient interviews. 

This ensures that the instrument possesses strong content validity and captures aspects of health 

that are meaningful from the patient's perspective.	Subsequent steps assess the instrument’s 

construct validity, typically by establishing correlations with other PROMs that evaluate 

similar constructs. [5,8,9] 

Reliability of a questionnaire is assessed by examining internal consistency and test-retest 

stability, while responsiveness measures the PROM’s ability to detect clinically important 

changes over time. Additional steps include defining the minimal clinically important change 

(MCIC) and, where applicable, performing cross-cultural adaptation and linguistic validation 

for use in diverse populations. This structured and iterative approach ensures that PROMs are 

not only psychometrically sound but also relevant to the real-world experiences of patients 

undergoing treatment for a certain pathology. [8,9] 
 

1.1.3. General vs disease-specific PROMs 

   PROMs can be broadly categorized into general and disease-specific instruments.  

General PROMs assess all-encompassing domains such as overall health perception, pain, 

physical functioning, and mental well-being. These tools allow for broad comparisons between 

different populations or diseases but lack sensitivity for small changes in clinical status 

attributable to a particular disease. [10] 

Disease-specific PROMs are tailored to singular conditions and able to better gauge treatment 

success of a particular disease by detecting smaller but clinically meaningful score changes. 
[10] 

Ideally, in the context of spine surgical care, both types of PROMs should be applied to assess 

treatment outcome not only on disease specific symptoms but also overall quality of life. [11,12] 

This stems from the fact that in spine degenerative conditions it is not uncommon to find 

incongruence between clinical and imaging findings. Indeed, factors beyond mere spinal cord 

or radicular compression such as psychological well-being, work and socioeconomic status and 

presence of other musculoskeletal conditions can greatly influence a patient´s functional state. 

Therefore, a spine disease-specific PROM will more likely miss these factors and 

overemphasize the impact of spine disease on a patient´s overall clinical state. As such, it 

should be complemented with a general PROM to give a more holistic health assessment. [11,12] 
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1.1.4 PROMs in the general medical field  

   The clinical importance of PROMs was first highlighted in the oncological field. Likely due 

to its high societal and healthcare impact, oncology was one of the first clinical specialties to 

streamline the application of these tools in routine clinical care. [13] 

Indeed, Barbera et al. performed a retrospective study which showed that follow-up of cancer 

patients with the Edmonton Symptom Assessment System (ESAS) led to reductions in 

emergency department visits and hospitalizations.[14] The authors suggest application of the 

ESAS questionnaire allowed close monitoring of cancer patients´ symptoms and permitted 

earlier intervention and symptom management. [14] 

   More recently, Balitsky et al. performed a systematic review and meta-analysis of 

randomized controlled trials and controlled studies on the impact of PROMs in oncological 

clinical care and patient experience. [15] The regular application of these questionnaires during 

follow-up was associated with higher levels of patient satisfaction, increased overall survival, 

better symptom control and higher quality of life scores. [15]   

They also believe patient engagement with PROMs completion leads to earlier symptom 

detection and management and therefore more timely medical intervention. Additionally, 

PROMs contribute to the enhancement of patient-physician communication and trust, which 

are factors linked to better adherence to treatment. [15] 

   Rheumatology was another discipline where the burden of chronic symptoms, functional 

limitations, and treatment side effects required more than routine clinical indicators to ascertain 

the true disease impact on patients´ lives. [16]   

   The Health Assessment Questionnaire Disability Index (HAQ-DI) was created in the late 

1970s by Fries et al. and is one of the earliest and most influential PROMs in clinical medicine. 
[17]  

Initially used in rheumatoid arthritis, the HAQ-DI was designed to systematically capture 

patients’ perspectives on the degree of disability associated with chronic musculoskeletal 

diseases. The instrument evaluates eight domains of physical functioning that reflect the 

severity of functional limitations encountered during routine daily activities —dressing, rising, 

eating, walking, hygiene, reach, grip, and usual activities. The original version also included a 

ninth domain addressing sexual function, though this is often omitted in clinical and research 

settings due to sensitivity and variable relevance. [17,18] Its development marked a 

transformational change in rheumatology by formally incorporating patients’ subjective 

experience of disease into both clinical care and research. Over time, the HAQ-DI 
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demonstrated strong validity, reliability, and sensitivity to change, and it has since been 

translated and adapted for use in multiple languages and conditions. [18] The success of the 

HAQ-DI served as a model for subsequent PROM development across medical specialties, 

reinforcing the utility of structured patient input in evaluating treatment outcomes. [17]  

   Consequently, there is some evidence that when properly validated and correctly applied, 

patient-reported outcome measures can lead to better clinical outcomes and patient satisfaction 

by facilitating patient follow-up and earlier control of symptoms. [19] 

However, as Valderas et al. highlight, further high-quality, methodologically robust studies are 

needed to provide clear and consistent evidence of these benefits. [19]  

   This thesis aims to contribute to that critical gap by developing and validating reliable PROM 

tools specifically tailored for Portuguese patients with degenerative spine surgery, thereby 

supporting their effective clinical application and ultimately improving patient care in this field.  

 
1.1.5 The challenges lying ahead for PROMs in spine care 

   The potential benefits of PROMs in obtaining better clinical outcomes have made these tools 

essential across all medical fields, including degenerative spine disease. Despite the promising 

results in oncology, the integration of questionnaires into spine care has somewhat lagged 

behind, with important questions remaining about optimal implementation, validation, and 

interpretation. [4,20] 

   Spine surgery presents unique obstacles for PROM implementation. The field is 

characterized by a high prevalence of subjective, multifactorial symptoms such as pain, 

discomfort and alterations in sensation, and varying degrees of functional impairment, all of 

which are influenced not only by the underlying pathology but also by psychosocial and 

environmental factors. [21]   

As Mensah et al. highlight, these subjective dimensions complicate the interpretation of 

PROMs, as responses are often modulated by patients' individual perceptions, pain tolerance, 

psychological status, and comorbidities rather than objective disease severity. [21] Moreover, 

the heterogeneous nature of spine surgery populations - encompassing a wide range of 

pathologies, surgical techniques, and patient expectations - adds further complexity.  

The lack of measurement invariance in commonly used PROMs may also result in significant 

floor or ceiling effects, limiting their sensitivity across different spine conditions. Finally, the 

variable indications for surgery — from degenerative disc disease to deformity correction — 

challenge the standardization of outcome measurement and hinder meaningful comparisons 

across studies or patient cohorts. Indeed, Mensah et al. argue that without accounting for these 
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challenges, PROMs risk producing misleading data, reinforcing the need for spine-specific and 

context-sensitive validation frameworks. [21]  

   Additionally, many of the widely used spine-specific PROMs — such as the Oswestry 

Disability Index (ODI) or the Roland-Morris Disability Questionnaire (RMDQ) — were 

developed decades ago and may lack sensitivity for detecting meaningful clinical change in 

modern surgical cohorts, particularly in chronic or complex cases. [22] Questions also remain 

about the minimal clinically important difference (MCID) and / or MCIC across diverse patient 

groups and surgical procedures. [23] Copay et al. highlight that the MCID is not a fixed value 

but varies depending on factors such as patient baseline status, the type of surgical intervention, 

and the specific outcome measure used. [23] This variability complicates the interpretation of 

PROMs across different clinical contexts, as what constitutes a meaningful change for one 

patient population or procedure may not apply to another. Moreover, the choice of method to 

calculate the MCID / MCIC —whether anchor-based or distribution-based—can yield differing 

reference points, further challenging its broad application. Consequently, establishing context-

specific MCIC or MCID values is crucial to accurately assess clinical significance and guide 

patient-centered care in spine surgery. [23] 

   As previously mentioned, this thesis aims to explore and address some of these critical gaps. 

The following chapters of this introduction will investigate the reliability of commonly used 

instruments in degenerative spine surgery, the determinants and limitations of patient-reported 

outcomes, and the clinical relevance of PROM score changes in real-world settings. 
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1.2 PROMs in spine care 

   Spine care, like general medicine, has shifted from clinician-centered outcomes towards a 

patient-focused perspective of surgical success. 

Spine specific questionnaires have therefore been developed such as the Oswestry Disability 

Index, Roland-Morris Disability Questionnaire, Neck Disability Index (NDI) and Core 

Outcome Measures Index (COMI).  

 

1.2.1 Oswestry Disability Index 

   The Oswestry Disability Index questionnaire was designed in 1980 by Fairbank et al. to 

measure patient disability associated with back pain. [24]   

The ODI assesses 10 key aspects of daily life: pain intensity, ability to perform personal care, 

lifting, walking, sitting, standing, sleeping, sex life, social life and traveling restrictions. [24] 

For this PROM higher scores mean worse clinical outcomes (range: 0 to 100) and each item is 

scored from 0 to 5. The scores are summed and converted to a percentage, using the formula:  

(Total score / Maximum possible score) × 100.  

If all items are answered, the maximum score before conversion to a percentage is 50. If some 

are missing, the maximum is adjusted accordingly.   

   Based on the total score the original authors divided patients according to five levels of 

disability: [24] 

0–20%: Minimal disability 

21–40%: Moderate disability 

41–60%: Severe disability 

61–80%: Crippling disability 

81–100%: Bed-bound or exaggerated symptoms 

 

   Although a formal and internationally recognized European Portuguese version of this 

PROM has not been created, it has been validated to various languages and remains one of the 

most widely used and reliable questionnaires in lumbar spine care. [25,26]  
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1.2.2 Roland-Morris Disability Questionnaire  

   The Roland-Morris Disability Questionnaire is a 24-item “Yes / No” patient-reported 

outcome measure created to assess disability associated with back pain. [27] 

Each question of this questionnaire is worth one point so scores can range from 0 (no disability) 

to 24 (severe disability). 

   Chiarotto et al. performed a meta-analysis and systematic review to compare the properties 

of the RMDQ and ODI and found both PROMs to be equally effective in evaluating low back 

pain disability in clinical practice. [30] 

Although both tools address disability in back pain, the RMDQ seems more suitable for low 

to-moderate disability. Davidson and Keating compared five questionnaires used for back pain 

disability, including the ODI and RMDQ, and found the RMDQ more responsive in patients in 

low disability. [31] Conversely, the ODI performed better in patients with higher disability. 

Similarly, Roland and Fairbank found the RMDQ more suitable for application in conservative 

follow-up of patients with low to moderate back disability whereas the ODI provided a more 

detailed assessment of patients with more severe disability. [22] 
 

1.2.3 Core Outcome Measures Index 

   The Core Outcome Measures Index was created in 2006 by Mannion et al. as a concise tool 

to gauge treatment success in patients with degenerative spine disease.[29] This questionnaire 

focused on 5 domains: pain intensity, function/disability, symptom-specific well-being, quality 

of life, social and work disability. [29] 

Two versions of this PROM were created for patients with degenerative spine disease: the 

COMI-back for patients with back and / or leg pain and the COMI-neck for assessment of 

patients with neck pain. [29,32]  

For the COMI, higher scores mean worse clinical outcomes (range: 0 to 10). The COMI total 

score is calculated by averaging the five evaluated domains. Pain is scored from 0 to 10 (using 

the higher of back / neck or leg / arm pain). The other four domains are scored from 1 to 5 and 

converted to a 0–10 scale using the formula:  

(Score − 1) × 2.5.  

After conversion, all five scores are averaged to give the final COMI score. 

   This questionnaire is efficient and is consistent with other PROMs such as the ODI and Visual 

Analogue Scale (VAS). [29]  

   According to Mannion et al., nearly two decades after its development, the COMI has 

matured into a widely accepted and robust outcome measurement tool in spinal disorder 
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management. [33] Its brevity and multidimensional focus address key limitations seen in longer, 

more cumbersome PROMs, facilitating high completion rates and reducing patient burden 

without sacrificing measurement precision. [33]  

   Prior to this thesis, the COMI had not been validated to European Portuguese and cross-

culturally adapted to the Portuguese population. However, it had been thoroughly validated and 

cross-culturally adapted to multiple languages and is currently the PROM of choice of the 

European Spine Society. [33,34,35,36]   

   The broad application of the COMI in European medical centers also allows for intra and 

inter-institutional standardization of what constitutes surgical success. [33] Its widespread use 

and validation support its role as a practical and robust outcome measure in both routine clinical 

care and spine outcomes research. 

 
1.2.4 Neck Disability Index 

   The Neck Disability Index was developed in the late 1980s by Dr. Howard Vernon and Dr. 

Silvano Mior and later validated to European Portuguese by Cruz et al. [28,37]   

It was modelled on the ODI and adapted to patients with neck pain. This PROM evaluates the 

impact of neck pain on daily life by evaluating 10 domains: pain intensity, ability to perform 

personal care, lifting, reading, headaches, concentration, work, driving, sleeping and 

recreational activities restrictions.[28] 

In similar fashion to the ODI, higher scores in the NDI mean worse clinical outcomes, and the 

total score is calculated by the same formula.  

The authors categorized the raw scores (out of 50) into five levels of disability:[28] 

0–4: No disability 

5–14: Mild disability 

15–24: Moderate disability 

25–34: Severe disability 

35–50: Complete disability 

 

   The NDI has become one of the most frequently used and accepted tools for assessing neck 

pain–related disability due to its simplicity, ease of administration, and clinical relevance. 

   MacDermid et al. performed a systematic review that confirmed the robust measurement 

properties of the NDI across diverse settings and patient populations.[38] The review synthesized 

findings from multiple validation studies and provided strong evidence for the NDI’s reliability, 

validity, and responsiveness. Internal consistency was repeatedly reported as good (with 
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Cronbach’s alpha values typically exceeding 0.80), indicating that the items reliably measure 

a common construct.[38] Test-retest reliability was also strong, demonstrating that the NDI 

yields stable scores in clinically stable patients over time.[38] 

Construct validity was supported through correlations with other measures of pain and 

function, and the instrument showed good discriminative ability between groups with differing 

levels of disability.[38] Responsiveness—the ability to detect clinically meaningful changes over 

time—was confirmed in several longitudinal studies, although the review highlighted that 

responsiveness could vary depending on the intervention and the specific population studied.[38] 

Despite its strengths, MacDermid et al. also discussed limitations in the NDI’s measurement 

framework.[38] The NDI was designed to be unidimensional but factor analysis in different 

populations has shown that the items sometimes group into separate domains. This implies that 

the NDI may be capturing multiple dimensions of the disability experience — possibly 

reflecting both physical and psychological components of neck pain — rather than a single, 

unified construct. 

These findings underscore the importance of contextual and methodological considerations 

when applying the NDI in research or clinical practice. 

   Although the NDI might not be a purely single-score (unidimensional) measure, this PROM 

remains highly relevant in neck pain assessment. It is practical, quick to administer, and 

provides a validated quantitative measure of functional status. The review by MacDermid et 

al. solidifies its position as a reliable PROM, while also highlighting areas for refinement and 

encouraging further research into population-specific and culturally adapted versions. [38] 

 
1.2.5 General health-related PROMs in spine care 

   To mitigate the weaknesses of disease-specific PROMs and broaden the scope of health 

assessment, spine questionnaires are usually complemented in clinical practice and research 

with general health-related PROMs such as the EuroQol – 5D (EQ-5D) and the Short Form 36 

Health Survey Questionnaire (SF-36). [39,40] These tools assess patient general quality of life 

and the impact of spine pathology on overall health.  

   The EQ-5D evaluates mobility, ability to perform self-care and routine daily activities, pain 

/ well-being and depression / anxiety and has been validated to European Portuguese. [41] 

For this PROM higher scores translate into better clinical results (maximum score: 1). 

   The SF-36 comprehensively reviews physical and mental health by evaluating eight domains: 

limitations in physical activities because of health problems and in social activities because of 

physical or emotional problems, limitations in usual role activities because of physical health 
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problems,  bodily pain,  general mental health (psychological distress and well-being), 

limitations in usual role activities because of emotional problems, vitality (energy and fatigue); 

and general health perceptions. [40] 

The SF-36 does not have a unique "global score." Instead, each domain has a score ranging 

from 0 to 100, with higher scores indicating better health.  

This tool has been validated to European Portuguese and is highly sensitive to alterations in 

clinical status, however it is more complex and takes longer to fulfil than the EQ-5D. [41] 

Therefore, the EQ-5D, due to its brevity and ease of use, is better suited for larger studies while 

the SF-36 can provide a more patient-specific detailed clinical assessment. [43]  

McDonough et al. compared the EQ-5D and SF-36 in patients with spinal conditions and found 

that the instruments capture different aspects of health, reinforcing their complementary use 

depending on the goals of the study or clinical evaluation. [44] 

However, and in contrast to the EQ-5D, there is no Portuguese MCID or MCIC to assess 

clinical improvement for the SF-36.  

Thus, while both PROMs play complementary roles in spine care assessment, ongoing research 

to establish clinically meaningful change thresholds for the SF-36 in Portuguese populations 

would enhance its utility in both clinical practice and research settings. 

 
1.2.6 MCIC and MCID in spine care 

   The minimal clinically important change refers to the smallest change in PROM score that is 

perceived by the patient as representing meaningful improvement in their clinical status. [45] 

Albeit often used interchangeably, there are differences between the MCIC and the minimum 

clinically importance difference. Whilst the MCIC translates a difference in single patient status 

across a longitudinal clinical evaluation, the MCID refers to the smallest change in PROM 

score that is clinically significant when comparing groups of patients. [46] 

   Various methods have been created to calculate the MCID and MCIC. The following 

overview synthesizes established methodologies and recommendations from seminal works by 

Jaeschke et al. (1989), Ostelo et al. (2008), and Revicki et al. (2008), which have shaped current 

consensus on determining meaningful change in patient-reported outcomes. [45,46,47] 

   First, anchor-based methods rely on an external reference—or "anchor"—such as a patient-

reported global rating of change (e.g., "Much improved," "Slightly better"). Patients are 

grouped based on their response to the anchor, and the average change in PROM scores is 

calculated for each group. The smallest statistically significant difference between groups is 

identified as the MCID. [45] 
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A receiver operating characteristic (ROC) curve analysis is often applied within this method 

and determines the optimal cutoff score based on the point of highest combined sensitivity and 

specificity. When focused on within-patient change over time, anchor-based methods can also 

be used to estimate the MCIC. 

Second, distribution-based methods estimate the MCID by examining the statistical properties 

of PROM score distributions in the study sample. [47] Common metrics include effect size (ES), 

standard deviation (SD), and standard error of measurement (SEM). These approaches do not 

incorporate patient perception but provide objective thresholds that can complement anchor-

based results. [47] 

Third, regression-based methods combine aspects of both anchor-based and statistical 

modeling. Here, the PROM change score is the dependent variable, and the anchor—often 

dichotomized as “improved” vs “not improved”—is the independent variable. This method 

allows for greater statistical rigor and flexibility but is also more complex and potentially less 

intuitive. [47] 	
Anchor-based methods are more straightforward and simpler but less precise, whilst 

regression-based methods offer greater flexibility and statistical rigor at the cost of complexity 

and interpretability. [47] The choice of method should be decided according to the study design, 

sample size, and the intended application of the MCIC estimate. 

   It is of utmost importance to establish an MCIC or MCID in spine PROMs to improve the 

interpretability of these tools in clinical care and better understand what constitutes meaningful 

treatment outcome from a patient-centered perspective.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 29 

1.3 Limitations and pitfalls of PROMs  

 
1.3.1 The subjectiveness of PROMs    

   Patient-reported outcome measures have limitations that should be addressed in clinical care 

to strengthen their accurate interpretation.  

Firstly, PROMs are inherently subjective because patient well-being or disease is not a fixed 

construct. Sprangers and Schwartz described the concept of “response shift” which represents 

a change in patient´s perception of well-being as a disease process develops. [48] Therefore, a 

chronic condition might alter patients’ perception of pain or disability due to symptom under- 

or overestimation as disease adaptation takes place. This subjectivity can limit longitudinal 

interpretation of PROMs. [48] 

Indeed, Fayers and Machin acknowledge this inherent natural characteristic of PROMs that 

should be accounted for when applying questionnaires in clinical practice and research.[49]  

They recommend the use of reliable and valid tools, repeated measurements at different 

timepoints to adjust for intra-patient variability and establishment of a minimal clinical 

important difference for each questionnaire to improve the interpretability of PROMs.[49] 

   Accounting for this subjectivity is essential to improve the clinical utility of PROMs in 

decision-making and treatment evaluation, particularly in spine care where perceived disability 

often diverges from radiological findings. 

 

1.3.2 Measurement Invariance  

   Another important limitation of PROMs relates to their measurement invariance—the extent 

to which the questionnaire measures the same underlying construct across different subgroups 

of patients: different genders, ages, cultural or linguistic backgrounds. Without establishing 

measurement invariance, comparisons of PROM scores across groups may be misleading, as 

differences could reflect measurement bias rather than true differences in the construct of 

interest.[50] This is especially important for PROMs that have been translated and adapted to 

different cultures, because small differences in meaning can change how questions work and 

affect the comparability of scores.[51] As van de Vijver and Tanzer explain, such subtle 

differences can lead to inequivalence in measurement, with scores no longer reflecting the same 

psychological or health construct across populations. Consequently, direct comparisons 

between groups—such as between countries, languages, or demographic strata—may lack 

validity and lead to erroneous clinical or research conclusions. [51] 
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   Testing measurement invariance through techniques like multi-group confirmatory factor 

analysis is therefore essential to confirm that PROMs provide valid and comparable data across 

diverse patient populations.[52] According to Putnick and Bornstein this testing happens in 

stages: first, it checks whether the overall structure of the questionnaire is similar across groups; 

then, it verifies if each question relates to the main concept in the same way for everyone; and 

finally, it confirms that people with the same level of the trait being measured would get similar 

scores, no matter which group they belong to. Each step contributes to confirming that the 

PROM measures the same construct across different populations. [52]  

   Failure to account for invariance may result in biased clinical interpretation and research 

conclusions, limiting the generalizability and equity of PROM use in spine care. Even so, all 

PROMs in spine care mentioned in this research have been validated and cross-culturally 

adapted without a specific emphasis on measurement invariance. Reasons may include 

statistical complexity in performing multi-group confirmatory factor analysis, population 

homogeneity within most cultural validation contexts and absence of measurement invariance 

as an explicit requirement in COSMIN guidelines.  

 
1.3.3 Floor and ceiling effects 

   Floor and ceiling effects can also hamper the sensitivity and interpretation of PROMs by 

limiting understanding of relevant changes to patients´ condition.  

Floor effects occur when patients already score at the worst end of a PROM, making it difficult 

to detect further deterioration in their condition after intervention. Ceiling effects occur when 

patients are at the lower end of disability and are unlikely to signal improvement in their clinical 

condition with treatment. [26,53] 

Measures to handle these effects include creating PROMs with a wide range of responses, 

namely increasing the values in a pain score scale (e.g., from 5-point to 11-point scales) or 

adding more answers to questions addressing the different domains in the questionnaire. [8] The 

use of both disease-specific and general health questionnaires can also improve the sensitivity 

to detect minor changes in clinical status and well-being whereas longitudinal assessments with 

repeated measurements also allow for detection of subtle changes in clinical status. [26,53] 
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1.3.4 Logistical challenges in the application of PROMs 

   Another limitation of PROMs in clinical practice relates to the administrative and time-

consuming nature of routine questionnaire application. 

Physicians and administrative staff may find it challenging to implement and fit questionnaires 

into a busy schedule as it can cause delays to workflow. [54] Patients may also perceive some 

PROMs to be too lengthy and burdensome, especially if they are not well-informed about the 

potential benefits to patient care and research of PROMs. [54,55]  

To overcome this limitation, Stover et al. propose that patients and physicians be fully informed 

about the importance of these tools to overall healthcare and clinical research. [56] 

Improving patient and physician awareness, streamlining administration processes, and 

integrating PROMs into digital workflows are essential measures to help ensure their sustained 

and meaningful use in spine care. 

 
1.3.5 Electronic PROMs, health illiteracy and socioeconomic impact  

   Electronic PROMs (ePROMs) have recently started to be used in clinical practice to reduce 

some of the administrative workload and streamline data collection. However, digital illiteracy 

and reduced access to digital platforms in certain populations, difficulty integrating ePROMs 

with electronic health records and data security are some of the challenges of these tools. [57] 

   Indeed, health and educational illiteracy is another possible hindrance to adequate use of both 

types of PROMs. Patients may not understand medical terms or adequately interpret the 

questions; therefore, patient education level needs to be accounted for when applying these 

tools. [58] 

Tuinenburg et al. performed a review on the comprehensibility of 157 PROMs applied in 

healthcare to the Dutch population. [59] They used the Pharos Checklist for Questionnaires in 

Healthcare (PCQH) to understand whether comprehensibility was obtained in 8 different 

domains: language level, number of questions and answer options, presence of instructions, 

concrete questions, medical terms, questions in active voice and statements. Overall optimal 

comprehensibility across all domains was seen in only 11% of the questionnaires, which 

highlights the need for further optimization of PROMs interpretability. [59]  

To help patients better interpret the questionnaires and overcome some of these limitations 

PROMs should be validated and cross-culturally adapted to the respective language and 

population.[60]  

However, in populations with lower educational levels or immigrant populations that lack full 

proficiency of the native language those limitations may remain to be fully addressed.  
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Konopka et al. performed a retrospective review of 16119 cases of patients submitted to knee 

or hip joint arthroplasty in the United States of America and found patients of non-English 

speaking minorities, from lower-income neighborhoods and those less educated to not only 

participate less in PROMs completion but also to report worse clinical outcomes pre- and post-

operatively. [61] This study strengthens the importance of validating and cross-culturally 

adapting PROMs to every population and to creating healthcare support systems that engage 

and assist disadvantaged populations with the fulfilment of these questionnaires.[61] 

   These findings are also highly relevant to spine care, where PROMs are central to patient-

centered assessment but must be equitably accessible and interpretable across all patient 

demographics. 

   

 1.3.6 Recall bias  

   Another pitfall of PROMs is recall bias. Recall bias refers to the inability of patients to 

accurately remember past health status and level of disability that can lead to under-or 

overestimation of current symptoms. [62]   

Moreover, recall bias can impact the accurate assessment of post-operative PROM scores. 

Recall bias can also affect anchor-based methods as they depend on patients' recall of their 

prior clinical status, which can introduce a risk of misinterpreting the minimal clinically 

important difference if patients fail to accurately remember their preoperative condition. [63]   

   Macchiarola et al. analyzed children with different knee pathologies who completed an 

evaluation of the same questionnaire before and twelve months after surgery. [64] They found a 

poor correlation between assessments that led to an underestimation of their pre surgical health 

status in 82% of the cases. [64]   

Similarly, Gotlin et al. demonstrated poor agreement between PROMs collected retrospectively 

and prospectively. This led to overestimation of surgical outcome in adult patients that 

underwent rotator cuff surgery when relying on retrospective recall. [65]   

Recall bias has also impacted patient-reported outcome measures in spine care. Pellisé et al. 

compared the results of 3 PROMs completed before posterior lumbar instrumentation surgery 

and postoperatively at a mean of 37.5 months after surgery. [66] They found that retrospectively 

assessing questionnaires led to inaccurate PROMs recall and patient overestimation of surgical 

improvement. [66]   

Rodrigues et al. analyzed various questionnaires in patients with lumbar and cervical 

degenerative spine disease. [62] For lumbar conditions, they assessed the COMI-back, the 

Oswestry Disability Index, and a Numeric Rating Scale (NRS) for back and leg pain. For 
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cervical conditions, the authors used the COMI-neck, the Neck Disability Index, and the NRS 

to evaluate cervical and arm pain. Questionnaires collected 12 months after surgery were 

compared to those collected before surgery and they found patients overestimated the degree 

of disability previous to surgery, particularly patients with lumbar disease and those with 

greater clinical improvement. [62]   

Measures to address recall bias were proposed in an influential paper by Karen Raphael in 1987 

and included prospective data collection, avoiding reliance on long-term memory and having 

strong, validated and standardized questionnaires. [67]   

   Given the demonstrated impact of recall bias on both under- and overestimation of symptoms 

and treatment outcomes, it is essential that clinicians and researchers account for this limitation 

when utilizing PROMs. Prospective data collection methods, minimizing reliance on patients’ 

long-term memory, and employing validated, standardized questionnaires can help mitigate 

recall bias and enhance the accuracy of patient-reported data. 

 
1.3.7 Response biases 

   When completing PROMs, patients may be conditioned by knowing their physician will read 

and analyze their answers. This may stem from the usual power asymmetrical doctor-patient 

relationship. [68] Zini and Banfi performed a literature review highlighting that the awareness 

of clinician oversight can lead patients to alter their responses consciously or unconsciously. 

[69] There are concerns patients may report better outcomes not to disappoint the surgeon and 

justify a previous surgical intervention, particularly if they have a good relationship with their 

physician. Patients may also downplay symptoms to avoid being considered complainers or in 

order to avoid more interventions. Conversely, mismatched expectations before surgery where 

patients expected greater clinical changes may lead patients to overreport symptoms albeit an 

objective improvement in clinical status occurred. This may distort results negatively and 

hamper interpretation of postoperative scores.  

However, recent evidence challenges this assumption. In 2024 Haverman et al. conducted 

secondary analyses of three studies assessing PROMs in adult and pediatric care. [70] They 

compared two groups: in the intervention group patients were informed that the results would 

be shown to their physicians and in the control group patients were told that their clinicians 

would not see their responses. They found no significant differences between PROM scores in 

the two groups, which did not support the view that patients bias their responses if they know 

their physicians will have access to their answers. [70] 
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   Nonetheless, in a bid to strengthen PROM interpretability and address these potential biases 

measures can be implemented during the application of clinical measurement tools. These may 

include blinding the clinician to PROM responses and assuring patients of this anonymity. 

Additionally, PROMs might be complemented with patient-directed instructions emphasizing 

the importance of honest, independent feedback for improving care quality. 
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1.4 Towards valid and reliable tools to assess surgical success in degenerative spine 

surgery 

 

   The previous chapters highlighted the potential relevance of different PROMs in clinical and 

spine care by reinforcing the patient-physician relationship and providing a more objective 

assessment of treatment outcomes. However, there are multiple challenges that still limit the 

full application and integration of these tools in spine care.  

   Medicine is a fast-evolving field, where machine learning and artificial intelligence are 

emerging as important tools and may help overcome some of the challenges previously 

described. These emerging technologies have the potential to facilitate data acquisition and 

reduce the administrative burden on health professionals and patients alike. Therefore, these 

technologies may enable physicians to focus more on the human side of medicine by fostering 

closer patient-doctor relationships. Hence, a shift towards the widespread application of 

ePROMs with the aid of these technologies and reinforcement of digital literacy can help 

patients better understand the value of these tools in improving their care.   

   In the following chapters we define the aims of this thesis and discuss the findings of the 

research that sought to create valid and reliable tools to assess surgical success in degenerative 

spine surgery. 
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2. AIMS 
 
2.1 Thesis timeline 

   The recall bias study was conducted first to address a key methodological concern in PROM-

based outcome research: the accuracy of retrospectively recalled preoperative data. This was 

particularly relevant because we used an existing MCID threshold (an improvement of 2.6 

points on the COMI scale defined for another European population [71]) to classify clinical 

improvement, relying on patients' recalled baseline status. While this issue does not directly 

impact PROM validation, it was important to establish early whether retrospective assessments 

could be trusted in our broader research context. Doing so helped clarify the limitations of 

retrospective designs and informed the methodological rigor of subsequent studies. 

 
2.2 Thesis aims 

   The research that was undertaken to produce this PhD thesis had three general aims: 

 

• To evaluate the impact of recall bias of preoperative clinical status on the postoperative 

scores of patient-reported outcome measures in patients submitted to surgery due to 

degenerative disease of the lumbar and cervical spine. 

 

• To cross-culturally adapt and validate the Core Outcome Measures Index-back to 

European Portuguese and establish the minimal clinically important change for this 

version in patients with degenerative disease of the lumbar spine. 

 

• To cross-culturally adapt and validate the Core Outcome Measures Index-neck to 

European Portuguese and establish the minimal clinically important change for this 

version in patients with degenerative disease of the cervical spine. 
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   Three studies were conducted to achieve these aims: 

 

1. A randomized controlled trial between two groups with similar clinical characteristics 

was undertaken. It aimed to ascertain whether providing the preoperative PROM 

answers to patients that underwent surgery due to degenerative spine disease led to 

different postoperative PROM scores. Postoperative scores in the questionnaires were 

compared to patients not given access to their preoperative scores (control group). 

Therefore, this study sought to mitigate recall bias by presenting to patients in the 

intervention group their preoperative answers when completing postoperative 

assessments.  

 

2. This study followed published guidelines to validate and cross culturally adapt the 

COMI questionnaire into European Portuguese and the Portuguese population with 

degenerative disease of the lumbar spine. Moreover, the minimal clinically important 

change was obtained for this PROM using an anchor-based method.  

 

3. This study followed published guidelines to validate and cross culturally adapt the 

COMI questionnaire into European Portuguese and the Portuguese population with 

degenerative disease of the cervical spine. Additionally, an MCIC was obtained for this 

PROM using an anchor-based method.  

 

   Together, these studies aimed to enhance the accuracy, applicability, and clinical utility of 

PROMs in spine surgery outcome assessment. 
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3. PUBLICATIONS  
 

 

3.1 PAPER A 

Are the results of patient-reported outcome measures after spine surgery influenced by recall 

of preoperative scores? A randomized controlled trial 

 

 

3.2 PAPER B 

Cross-cultural adaptation, validation and establishment of the minimal clinically important 

change score of the European Portuguese core outcome measures index in patients with lumbar 

degenerative spine disease 

 

 

3.3 PAPER C  

Cross-cultural adaptation, validation, and establishment of the minimal clinically important 

change score of the European Portuguese Core Outcome Measures Index in patients with 

cervical degenerative spine disease 
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3.1 PAPER A 
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3.2 PAPER B 
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3.3 PAPER C 
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4.  DISCUSSION 
 

   This thesis provides new evidence that recall bias significantly alters postoperative PROM 

scores in patients undergoing cervical spine surgery — an underrecognized phenomenon with 

direct implications for clinical practice and data interpretation. This can significantly alter the 

way postoperative questionnaires will be applied in clinical practice. Moreover, we validated 

the COMI-back and COMI-neck to European Portuguese and cross-culturally adapted it to the 

Portuguese population with degenerative disease of the lumbar and cervical spine. This PROM 

showed good validity and consistency making it suitable for use in the European Portuguese 

population with degenerative spine disease. Additionally, surgical success from a patient´s 

perspective can now be assessed as a minimal clinically important change score was created 

for both the COMI-back and COMI-neck. 

   In the following chapter the main findings of this thesis are presented, namely through an 

article-by-article analysis and review. This discussion aims to go beyond a simple presentation 

and description of the results of the articles and aims to expand on those by framing our findings 

within a broader revision of the literature involving PROMs. 
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MAIN FINDINGS 
 

4.1  Are the results of patient-reported outcome measures after spine surgery 

influenced by recall of preoperative scores? A randomized controlled trial   

 

4.1.1 Background and aims of this work  

   Recall bias in patient-reported outcome measures has likely been overlooked or downplayed 

in clinical practice.    

In 2018 and in the same tertiary Portuguese neurosurgical center where this PhD research took 

place, Rodrigues et al. assessed the significance of recall bias and its repercussion on patients' 

recollection of preoperative status.[62] They compared the actual preoperative PROM scores to 

a set of scores collected one year after surgery regarding patient recall of preoperative status. 

They found poor to moderate agreement between recalled and actual preoperative scores for 

all patient-reported outcome measures. However, these results were not similar across groups 

as patients who underwent surgery due to degenerative disease of the cervical spine showed 

good recall of preoperative status. Conversely, patients submitted to lumbar spine surgery had 

poor recall, particularly patients that reported good surgical outcome. [62] 

 

4.1.2 Study design and methods 

   In a similar population, we conducted a randomized controlled trial to assess the impact of 

recall bias on the scores of postoperative PROMs in patients submitted to surgery due to 

degenerative disease of the spine.  

To study this impact the patients of the intervention group received postoperative PROMs that 

included the preoperative answers for every question, whereas the control group answered 

postoperative PROMs without the preoperative responses. During preoperative and 

postoperative evaluation patients with lumbar degenerative spine disease completed the COMI-

back and ODI questionnaires, whereas patients with cervical spine disease filled the COMI-

neck and NDI forms. Both groups completed an overall health assessment through the EQ-5D. 

The primary endpoint was the median postoperative COMI score, and the secondary endpoints 

were the median ODI / NDI and EQ-5D scores. 
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4.1.3 Results 

   A total of 236 (96 cervical and 140 lumbar) patients were enrolled in this RCT. Valid 

postoperative PROM scores were obtained for 147 patients (74 from the control group and 73 

from the intervention group), 88 (59.9%) females and 59 (40.1%) males with a median age of 

58 years. The mean time between surgery and questionnaire fulfilment was 17 months and both 

groups shared similar baseline clinical characteristics.  

The intervention group showed better outcomes than the control group, with lower median 

COMI, ODI, NDI scores, and higher EQ-5D scores. However, this improvement did not reach 

statistical significance in the lumbar patients. 

 

Cervical patients 

   The better postoperative scores obtained by the intervention group were mainly due to the 

cervical subgroup of patients. Sixty-six patients with cervical pathology were included in the 

study, 37 (56.0%) from the control group and 29 (44.0%) from the intervention group and a 

detailed analysis of this surgical cohort was performed.  

 

Primary endpoint (cervical patients)  

• COMI: Median (IQR) was 3.95 (2.20−5.33) in the intervention group vs. 5.10 

(4.00−8.40) in the control group (Wilcoxon, p = 0.011). 

   Importantly, only the intervention group achieved an improvement exceeding the MCID (2.6 

as per Mannion et al. [71]) of the COMI, with an observed improvement of 3.4 compared to 1.2 

in the control group. 

 

Secondary endpoints (cervical patients)  

• NDI: 24.40 (11.00−36.70) in the intervention group vs. 44.00 (31.00−54.00) in the 

control group (Wilcoxon, p < 0.001). 

• EQ-5D: 0.689 (0.585, 0.850) in the intervention group vs. 0.516 (0.388, 0.690) in the 

control group (Wilcoxon, p < 0.015). 

 

   Additionally, item-level analysis revealed consistently better postoperative scores across all 

domains for patients who had access to their preoperative responses. 

 

 



 71 

4.1.4 Discussion 

   To our knowledge, this is the first study to assess postoperative PROMs by providing patients 

with their original preoperative scores. Previous studies had focused on comparing actual 

preoperative scores collected before surgery to patients´ recall of health status many months or 

years after intervention. 

   Within the timeframe of our study, the findings indicate that recall bias may impact both 

preoperative perceived disability and postoperative perceived benefit if patients are not 

reminded of their preoperative state. Providing access to original preoperative scores 

significantly improved patients’ assessments of postoperative outcome across multiple PROMs 

in patients with degenerative disease of the cervical spine. However, this was not observed in 

a statistically significant manner in the lumbar spine population. That contrasts with the study 

by Rodrigues et al. where memory bias of preoperative status was more pronounced in the 

population with lumbar degenerative disease. [62] 

   We hypothesized that recall error, at least within the median timespan of our study and for 

these questionnaires, only modestly alters PROM scores. This may explain why recall bias 

primarily affected lumbar patients in the study by Rodrigues et al. and cervical patients in our 

research.  

Accordingly, our results may translate a small, but in the case of cervical spine patients, 

clinically meaningful difference obtained by the correction of recall bias. Indeed, it was not 

expected that recall bias within an average of 17 months after surgical intervention would be 

so major as to lead to large discrepancies in PROMs scores in relation to the control group. 

We believe the clinically meaningful impact of recall bias on postoperative PROM scores is 

time-dependent from intervention and may be smaller or greater depending on this variable.  

   Other factors could have contributed to these results such as patients´ willingness to be 

sympathetic towards their physicians when confronted with preoperative PROMs or patient 

perception that reporting less optimal scores may hinder the patient-doctor relationship. 

Namely, being shown their own preoperative responses may have further heightened patients’ 

awareness of the lack of anonymity in PROMs. This and because PROMs were collected by 

the treating surgeon may have reinforced socially desirable answering behavior by conditioning 

patients and reduced the spontaneity of PROM fulfilment. 

Providing patients with their preoperative answers in postoperative PROMs can also increase 

administrative burden, which further highlights the need for new technologies to help 

streamline this integration. 
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Additionally, this was a single-center study which limits its generalizability to the non-

Portuguese populations and other healthcare systems. Moreover, our follow-up duration (mean 

17 months) may not capture the full trajectory of decline in memory accuracy over longer 

periods. 

   Nonetheless, there was a difference towards better outcomes in all patients in the intervention 

group and this difference reached clinical significance in the cervical cohort of patients. 

Therefore, this RCT demonstrated that recall bias impacts postoperative PROM scores, a factor 

that should not be overlooked.  

   In conclusion, and with a view to fully optimize the interpretation of PROMs in clinical 

practice and mitigate memory bias we recommend considering the integration of original 

preoperative scores when administering postoperative assessments. This process should ideally 

be supported by digital tools or electronic health record systems to minimize administrative 

burden and facilitate seamless implementation. 
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4.2  Cross-cultural adaptation, validation and establishment of the minimal clinically 

important change score of the European Portuguese Core Outcome Measures Index in 

patients with lumbar degenerative spine disease 

 

4.2.1 Background and aims of this work 

   The accurate interpretation of patient-reported outcome measures in both research and 

clinical settings necessitates that these instruments undergo rigorous processes of cross-cultural 

adaptation and psychometric validation tailored to the target population. [9]  

PROMs must be concise, comprehensible, and easily completed, ensuring minimal burden on 

patients while maintaining the integrity of the data collected. Moreover, patients should be 

made aware of the clinical value these tools represent, as their responses contribute to 

personalized and improved healthcare delivery. Consequently, the availability of thoroughly 

validated and culturally adapted instruments is essential. [9] 

   The Core Outcome Measures Index is a widely used, concise multidimensional PROM 

designed to evaluate key aspects of spinal disorders, including pain, function, symptom-

specific well-being, quality of life, and disability. [29] Due to its brevity and comprehensiveness, 

the COMI has been adopted as the preferred PROM in several national spine registries, 

including the Spine Tango Registry managed by EUROSPINE, the European Spine Society. [29] 

Despite its widespread use and validation in several languages, prior to this study, a validated 

version of the COMI-back in European Portuguese was not available. Given the increasing 

implementation of PROMs in spine registries and clinical practice across Portugal and Europe, 

addressing this gap was both timely and necessary. Moreover, a minimal clinically important 

change score was defined for this questionnaire.  

 

4.2.2 Study Design and Methods  

   Between January and December 2022, adult patients scheduled for surgery due to 

degenerative lumbar spine disease at a tertiary neurosurgical center completed the European 

Portuguese version of the COMI questionnaire. Patients with non-degenerative conditions were 

excluded. To assess test–retest reliability, patients completed the COMI twice before surgery 

within a 5- to 15-day interval, selecting only those reporting no clinical change for reliability 

analyses. Construct validity was evaluated by correlating COMI scores with other PROMs like 

the Oswestry Disability Index, EQ-5D, and visual analogue scales for back and leg pain. 
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The translation and cross-cultural adaptation followed established guidelines, involving 

independent forward and back translations, expert review, and pre-testing in patients to ensure 

clarity and cultural relevance.[8] Additional postoperative questions were also translated which 

led to the creation of the postoperative questionnaire applied to Portuguese patients with lumbar 

degenerative disease of the spine, that includes the COMI back. 

 

4.2.3 Psychometric Evaluation 

   The psychometric properties of the European Portuguese COMI-back were assessed, 

focusing on floor and ceiling effects, construct validity, reproducibility, and responsiveness. 

Floor and ceiling effects were evaluated to ensure the instrument’s sensitivity across clinical 

severity. Construct validity hypotheses were tested via Spearman correlations between COMI 

domains and corresponding validated instruments, anticipating moderate to strong correlations. 

Reproducibility was assessed using intraclass correlation coefficients (ICC), with values above 

0.8 indicating excellent reliability. The minimal detectable change (MDC) was calculated to 

quantify the smallest change beyond measurement error, while the minimal clinically important 

change was established using an anchor-based approach with patient-reported global treatment 

outcomes. Receiver operating characteristic curve analysis determined the MCIC threshold that 

best distinguished clinical improvement.  

 

4.2.4. Results 

   Between January and December 2022, 170 patients underwent surgery for degenerative 

lumbar spine disease. Incomplete questionnaires were excluded and 108 patients (43 males, 65 

females; mean age 56.4 ± 11.9 years) completed the European Portuguese version of the COMI 

at baseline. The mean preoperative COMI score was 7.6 ± 1.5, with sciatica (69.4%) and 

neurogenic claudication (28.7%) as the primary complaints. 

   No significant floor or ceiling effects were observed, with all ceiling effects below 15% and 

the highest floor effect at 59.2% for symptom-specific well-being. Construct validity was 

confirmed, with excellent correlation between the COMI pain domain and VAS pain scores (ρ 

= 0.85), and good correlations for function (ρ = 0.49), quality of life (ρ = 0.54), and disability 

(ρ = 0.58) domains compared to ODI and EQ-5D. The total COMI score had strong correlation 

with the ODI (ρ = 0.63) and EQ-5D (ρ = −0.70) total scores. 
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Test–retest reliability was evaluated in 93 clinically stable patients, demonstrating excellent 

intraclass correlation coefficients for well-being (0.84), quality of life (0.81), disability (0.86), 

and total COMI score (0.89). 

The minimum detectable change was 1.52, and the minimal clinically important change was 

established at 2.1 with 69% sensitivity and 94% specificity. 

 

4.2.5 Discussion  

   This work presents the first cross-cultural adaptation and validation of the Core Outcome 

Measures Index for the European Portuguese-speaking population, filling a long-standing gap 

in spine outcomes research and clinical practice in Portugal. While the COMI had been 

extensively validated in multiple languages and settings, prior to this work, spine clinicians in 

Portugal were limited to using the Brazilian Portuguese version. [34] This limitation presented 

some challenges, not only for patient comprehension but also for accurate measurement and 

comparison of outcomes across populations. Although Brazilian Portuguese and European 

Portuguese share linguistic roots, differences in vocabulary, expressions, and cultural context 

can affect patient comprehension and response accuracy, making a dedicated European 

Portuguese version essential for valid assessment. 

The psychometric validation presented in this study demonstrates that the European Portuguese 

version of the COMI maintains strong measurement properties, aligning with previous 

validations in other languages. [34,35,36] The observed correlations with established patient-

reported outcome measures such as the ODI, VAS and EQ-5D support its construct validity. 

Moreover, the test–retest reliability was good for most domains, and the minimum detectable 

change and minimal clinically important change thresholds were well-defined, enabling its use 

both in clinical follow-up and research contexts. 

Importantly, this study reinforces the central role of PROMs in patient-centered spine care. As 

tools designed to reflect the patient’s subjective experience, PROMs must be linguistically and 

culturally adapted to the populations they assist. [33] Validating such tools ensures the 

consistency of outcome reporting, which in turn influences clinical decision-making, health 

policy, and research comparability. [9] The creation of a population-specific MCIC was 

particularly noteworthy, as it aligns the interpretation of PROM score changes to a level that is 

not only statistically but also clinically meaningful for patients. 

We used an anchor-based method to define the MCIC because it relates score changes to an 

external criterion meaningful to patients. Unlike distribution-based methods, which are 
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statistically sound but may lack clinical relevance, the anchor-based approach ensured that 

clinical changes were meaningful from the patient’s perspective. 

   Additionally, the absence of problematic floor and ceiling effects in this surgical cohort 

supports the strength of the COMI even in a population with severe symptom burden, such as 

patients awaiting surgery. The similarity of psychometric properties with other international 

validations, such as those from Poland, Brazil and Korea, emphasizes the reliability and 

versatility of this questionnaire in different populations with degenerative disease of the lumbar 

spine. [34,35,72] 

   In the context of this thesis, which aims to critically examine and improve the application of 

PROMs in degenerative spine surgery, this study presents a case example of how PROMs must 

be refined and contextualized for the populations they aim to serve. By offering a validated, 

culturally appropriate tool for the European Portuguese-speaking population, it strengthens the 

capacity for standardized outcome measurement, facilitates participation in international 

registries, and advances the spine field towards more precise and objective patient-reported 

outcome evaluation. 

Moreover, focusing on a surgical cohort of patients allowed for a rigorous test of the 

instrument’s sensitivity to change, culminating in the first empirically derived MCIC for a 

Portuguese-language COMI. 

   While the single-center nature of the study may limit generalizability, the relative linguistic 

and cultural homogeneity of the native Portuguese population partly mitigates this concern. [73] 

However, in the past few years Portugal saw a significant increase in its immigrant population. 

[74] This population is multicultural, and many immigrants may not have fluent control of 

European Portuguese, so this questionnaire will not be as valid and adapted to a significant 

portion of the immigrant population. [75] This highlights the need for further linguistic and 

cultural adaptations in Portugal. 

   Additionally, this study did not assess measurement invariance across different subgroups 

within the Portuguese population, such as by age, gender, or educational level through a multi-

group confirmatory factor analysis. However, it must be noted that most existing validations of 

the COMI and similar PROMs have not incorporated measurement invariance testing. [34,35,72]  

As such, this remains a relevant gap in the psychometric evaluation of the COMI across 

different languages and versions. 

   In summary, this work represents a critical advancement in the application of PROMs in spine 

surgery in Portugal. It not only enables a more accurate and standardized assessment of 

degenerative lumbar spine surgical outcomes in European Portuguese speakers but also lays 
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the groundwork for future research aimed at refining PROM implementation and enhancing 

patient-centered care across diverse linguistic and cultural groups within Portugal. 
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4.3  Cross-cultural adaptation, validation, and establishment of the minimal clinically 

important change score of the European Portuguese Core Outcome Measures Index in 

patients with cervical degenerative spine disease 

 

4.3.1 Background and aims of this work 

   Degenerative disease of the cervical spine is a common clinical entity with a growing impact 

on healthcare systems worldwide. [75] Imaging studies suggest that up to 24.2% of 

asymptomatic individuals exhibit cervical spinal cord compression, with close to 10% 

developing symptomatic myelopathy. [76] As populations continue to age, the number of 

patients requiring surgical intervention for cervical myelopathy and/or radiculopathy is 

expected to rise significantly. [77] In this context, accurately assessing treatment outcomes 

becomes essential for both clinical decision-making and quality control in spine care.  

Patient-reported outcome measures are indispensable tools for capturing the patient’s 

perspective on treatment outcomes. Among them, the Core Outcome Measures Index stands 

out as a fundamental questionnaire. [29] 

As part of the scientific outcome of this thesis, a version tailored to lumbar spine pathology 

(COMI-back) had been successfully translated and validated for use in the European 

Portuguese population. However, no equivalent adaptation existed for degenerative cervical 

spine pathology — specifically, the COMI-neck. 

   Despite some similarities between cervical and lumbar degenerative conditions, the 

symptomatology, functional implications, and surgical approaches differ substantially. [77] 

Therefore, the existence of a validated COMI-back did not replace the need for a dedicated and 

culturally adapted COMI-neck version. The lack of such a questionnaire limits the ability of 

Portuguese-speaking physicians and researchers to evaluate surgical outcomes in patients with 

degenerative disease of the cervical spine in a standardized and internationally comparable 

manner. 

   The primary aim of this study was to cross-culturally adapt the COMI-neck for the European 

Portuguese population and to evaluate its psychometric properties, including reliability and 

validity. Furthermore, we defined the minimal clinically important change for this instrument, 

in order to establish a meaningful threshold for clinical improvement. Therefore, this work was 

created to support both clinical practice and research by validating a robust and culturally 

appropriate measure for outcome assessment in cervical spine surgery. 
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4.3.2 Study Design and Methods  

   The methodology of this study followed an identical pattern to the one used for creation of 

the COMI-back.  

Consecutive adult patients scheduled for surgery due to cervical degenerative spine disease 

were recruited between January 2022 and April 2023. Patients completed the COMI-neck 

questionnaire preoperatively on two occasions, 5 to 15 days apart, to assess test–retest 

reliability. Only those reporting no change in clinical status between assessments were included 

in reliability analyses. In addition, participants completed the European Portuguese versions of 

the Neck Disability Index, EQ-5D, and visual analogue scales for neck and arm pain to allow 

for construct validation. 

Postoperative outcomes were evaluated during outpatient follow-up (6 to 15 weeks post-

surgery), when the same patients completed the COMI-neck again along with four standard 

postoperative questions from the Spine Tango registry. The questions cover complications, 

reintervention, patient satisfaction, and global treatment outcome to create the final 

postoperative version of the questionnaire that includes the new COMI-neck. 

The cross-cultural adaptation process followed the guidelines of Beaton et al., involving 

forward translation, back-translation, expert committee review, and pretesting in 20 patients. 
[9] Since no comprehension issues were reported during pretesting, the pre-final version was 

adopted as the final version. 

 

4.3.3 Psychometric Evaluation 

   Ceiling and floor effects were examined for each COMI item and considered acceptable if 

<15% and adverse if >70%. Construct validity was assessed through pre-established 

hypotheses and Spearman correlations between the COMI-neck and corresponding domains of 

the NDI, EQ-5D, and VAS. Correlations >0.6 were expected for total scores, and >0.4 for 

domain-specific comparisons. 

Test–retest reliability was assessed using intraclass correlation coefficients, with values >0.8 

considered excellent. 

The minimal clinically important change was obtained via an anchor-based method using the 

“Global Treatment Outcome” item from the Spine Tango form. ROC curve analysis was used 

to define the score change best distinguishing improved patients, maximizing Youden’s Index. 
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4.3.4. Results 

   The questionnaires of 101 patients (mean age 57.9 years; 51 males, 50 females) were 

analyzed. The most common diagnosis was myelopathy (73.3%), followed by radiculopathy 

(26.7%). The mean preoperative COMI score was 7.1. 

No relevant floor or ceiling effects were encountered. The symptom-specific well-being item 

approached a floor effect (57.4%) but remained below the 70% threshold. 

The construct validity of the COMI was strong as all predefined hypotheses were confirmed. 

Strong correlations were found between the COMI domains and their respective comparator 

instruments: 

Pain with VAS: ρ = 0.95 (excellent) 

Function and disability with NDI: ρ = 0.54 and 0.47 (good) 

Quality of life and well-being with EQ-5D: ρ = -0.44 and -0.40 (good to fair) 

Total COMI with NDI: ρ = 0.67 (very good); with EQ-5D: ρ = -0.55 (good) 

   Regarding the reproducibility and reliability of this PROM, seventy-two patients completed 

both COMI assessments within 5–15 days, with no reported clinical changes. Mean scores 

remained stable (7.1 vs. 7.2; p = 0.88). ICCs confirmed excellent reliability for the total COMI 

(0.87), pain (0.90), and disability (0.85), and good reliability for function (0.78), well-being 

(0.79), and quality of life (0.74). 

The minimum detectable change (MDC) was 1.76. 

The minimal clinically important change, derived from the ROC analysis, was 2 points, with a 

sensitivity of 66% and specificity of 100%. 

 

4.3.5. Discussion 

   Population ageing, while a testament to public health advances, presents growing challenges 

in the management of chronic and degenerative conditions, including those affecting the spine. 
[77]  

Countries such as Japan and the United States have reported a marked increase in cervical spine 

surgeries in recent decades, a trend expected to continue as populations age. [79,80]  

Portugal faces similar demographic shifts, which will likely translate into higher surgical 

volumes for degenerative cervical spine disease. [73] In this context, the availability of valid, 

reliable, and culturally adapted outcome instruments becomes essential to evaluate and guide 

clinical decision-making and healthcare resource allocation. 
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Cervical spine pathology, particularly degenerative cervical myelopathy, represents a unique 

clinical condition with significant potential for neurological impairment and societal burden. 
[75] Therefore, validating the COMI-neck for this subgroup is especially relevant. 

   Our study successfully achieved a cross-cultural adaptation and validation of the COMI- neck 

for the European Portuguese population undergoing surgery for degenerative cervical spine 

disease. Significantly, no relevant floor or ceiling effects were found, even though the 

population exhibited a high symptom burden preoperatively. This suggests the questionnaire’s 

ability to capture a broad spectrum of clinical severity, supporting its utility across different 

stages of disease. 

Construct validity was confirmed, with most domains correlating as expected with established 

PROMs. While the symptom-specific well-being domain demonstrated only a fair correlation 

with the EQ-5D (ρ = 0.4), this is consistent with earlier observations in other COMI validations. 

It may reflect a conceptual limitation of the EQ-5D as a comparator for this item, which appears 

to function more as a marker of symptom intensity rather than general quality of life. This 

finding suggests that future research may need to consider alternative instruments for validating 

this domain. 

   The total COMI score showed very good correlation with the NDI (ρ = 0.67) and good 

correlation with the EQ-5D (ρ = -0.55), aligning closely with results from other language 

versions and reaffirming the consistency of the COMI across cultural contexts. Reproducibility 

was also high, with intraclass correlation coefficients ranging from good to excellent across all 

domains. 

With this study we set the minimal detectable change and minimal clinically important change 

for the COMI-neck. This is of particular importance because both MDC and MCIC are crucial 

for interpreting PROM data in both clinical and research settings. An MDC of 1.76 and an 

MCIC of 2.0 are congruent with those reported in other language versions, suggesting the 

consistency of these thresholds. Importantly, these values offer a practical benchmark for 

defining meaningful postoperative improvement in Portuguese patients undergoing cervical 

spine surgery. As with the validation of the COMI-back we opted for an anchor-method to 

define the MCIC because it aligns with patients´ perceived change in clinical status.  

   The limitations of this study resemble those of the lumbar version, including its single-center 

design, lack of assessment of measurement invariance across subgroups, and limited 

applicability to non-native or multicultural populations.    
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   Nonetheless, this study thus provides the first validated and culturally appropriate version of 

the COMI-neck for European Portuguese speakers, offering clinicians and researchers in 

Portugal a reliable tool for assessing patient outcomes in degenerative cervical spine disease. 

As with the COMI-back, the widespread adoption of this PROM within spine care physicians 

in Portugal could enhance the standardization of outcome measurement, facilitate quality 

improvement initiatives, and contribute to more patient-centered care. 
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5. FINAL CONSIDERATIONS  
 

   This thesis presents an important contribution to the field of degenerative spine surgery by 

addressing a critical gap in the measurement and interpretation of patient-reported outcomes. 

In an era where patient-centered care and evidence-based medicine are increasingly prioritized, 

the accurate assessment of surgical success extends beyond traditional clinical or radiological 

parameters to incorporate the patient’s own perspective on their pain, function, and quality of 

life.  

This thesis focused on the improvement of methodological rigor when applying PROMs in 

clinical practice by incorporating and analyzing the impact of recall bias. Moreover, it provided 

a comprehensive validation of PROM instruments specific to spine care within the European 

Portuguese population, centering notably on the COMI questionnaire for both lumbar and 

cervical degenerative conditions. 

However, the importance of this thesis to spine surgery care goes beyond the simple validation 

of questionnaires. As demographic trends worldwide point to an aging population with a rising 

incidence of degenerative spinal diseases, the demand for surgical interventions is expected to 

grow correspondingly. In Portugal, these shifts are anticipated to challenge healthcare providers 

and systems alike. The implementation of reliable, valid, and culturally adapted PROMs 

enables clinicians to better quantify patient outcomes, tailor treatments, and ultimately improve 

clinical decision-making. It also allows for the standardization of outcome measurement, which 

is fundamental to multicenter research, quality improvement programs, and health policy 

development. 

   This work’s originality lies in several key areas. It offers a rigorous, culturally adapted version 

of the COMI questionnaire tailored to European Portuguese speakers, extending the 

applicability of this well-validated instrument into a previously underserved linguistic and 

cultural context. The process of cross-cultural adaptation, psychometric validation, and 

determination of minimal clinically important changes were performed following established 

international guidelines, ensuring that the final instruments possess both linguistic equivalence 

and clinical relevance. 

Second, the thesis expands existing knowledge by directly and originally addressing recall bias 

in postoperative PROM assessments via a randomized controlled trial, providing valuable 

evidence on the temporal reliability of patient self-reporting after spine surgery. This is a crucial 
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methodological consideration often overlooked in spine outcome research but fundamental for 

the appropriate timing and interpretation of PROM data. 

Third, the simultaneous validation of both the lumbar and cervical versions of the COMI in 

Portuguese offers a comprehensive toolkit for spine specialists, facilitating consistent 

evaluation across different degenerative spine pathologies. The demonstration of strong 

construct validity, excellent reproducibility, and defined thresholds for meaningful clinical 

improvement (MDC and MCIC) equips clinicians and researchers with practical tools to 

interpret patient outcomes confidently. 

   It is also noteworthy that in the validation studies of the COMI divergent validity was not 

directly addressed. It is a subtype of construct validity that assesses the degree to which a 

measurement instrument does not correlate strongly with measures of different, unrelated 

constructs. However, due to the COMI’s brief, multidimensional design and overlap between 

domains, identifying truly unrelated constructs for divergent validity testing is challenging and 

uncommon. Thus, we prioritized confirming expected correlations with related PROMs 

through convergent validity, in similar fashion to multiple other validation studies. 

   Despite these strengths, this thesis has inherent limitations that warrant consideration. The 

sample sizes, while adequate for validation studies, remain relatively modest and drawn from 

a single tertiary care neurosurgical center. This may limit the generalizability of findings to 

broader or more diverse populations within Portugal or internationally.  

   We also conducted the randomized controlled trial on recall bias before the validation studies, 

which led to using an international MCID to gauge surgical success in both RCT groups. 

However, the MCID from Manion et al (2.6) did not differ substantially from the MCIC 

obtained for the COMI-back (2.1) and COMI-neck (2). Most importantly, it did not lead to 

clinically meaningful differences when comparing improvement between the intervention and 

control groups in the recall study.  

   Although our validation study of the European Portuguese version of the COMI-back and 

COMI-neck comprehensively addressed most of the COSMIN guidelines, we did not 

specifically evaluate structural validity and internal consistency. Structural validity is important 

for confirming the dimensional structure of the instrument and is typically analyzed through 

exploratory or confirmatory factor analysis. However, given the well-established factor 

structure of the COMI in various previous validations across diverse populations and 

considering that our study focused primarily on cross-cultural adaptation, reliability, and 

construct validity, we considered this to be beyond the scope of the current work. Similarly, 

internal consistency was not directly assessed in this thesis due to the COMI’s brevity and 
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multidimensional nature (comprising distinct domains). Cronbach’s alpha is a common 

measure of internal consistency, but it assumes one-dimensionality so is less informative and 

rigorous in the multidimensional context of the COMI. 

Additionally, the focus on degenerative cervical and lumbar spine disease excludes other spine 

conditions such as deformity, trauma, or tumors, which may require different or additional 

PROM instruments. While the COMI is well suited for degenerative pathology, its applicability 

to other spine surgery indications remains to be established. [81]  

The reliance on self-reported questionnaires also introduces inherent subjectivity, susceptibility 

to response bias, and potential limitations due to health literacy or cognitive impairments, 

particularly in elderly populations. Indeed, while the recall study and validation processes 

address some of these concerns by assessing memory bias, reliability and interpretability, many 

of the limitations of PROMs such as measurement invariance, health literacy, logistical 

challenges and subjectivity were not directly evaluated in this research. 

Finally, the MCIC values determined in this thesis, while consistent with international reports, 

remain context-dependent and may vary with patient expectations, cultural factors, and 

healthcare delivery settings. Caution is advised when applying these thresholds universally 

without consideration of local nuances. 

   In conclusion, this thesis lays a strong foundation for the routine incorporation of PROMs 

into degenerative spine surgery care in Portugal. By validating culturally adapted and 

psychometrically sound instruments, it enhances the precision and relevance of patient 

outcome measurement and Portuguese patients can now receive clearer, more personalized 

feedback on their recovery.		
The insights gained from this work also have the potential to inform clinical practice, support 

research projects, and ultimately improve patient-centered care and resource allocation in spine 

surgery. Future research should build upon these findings to expand PROM utilization across 

broader spine pathologies and diverse patient populations, integrating technological advances 

such as artificial intelligence and electronic PROM systems to streamline data collection and 

analysis. 

   The enduring value of this work is its alignment with the ongoing paradigm shift toward 

valuing the patient’s perspective in evaluating treatment success—an essential step in 

delivering care that is not only effective but also meaningful to those who undergo it. 
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