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SUMMARY

Hand and wrist injuries are common in young non-osteoporotic patients and result mostly 

from high energy trauma. However, little emphasis has been put on reporting hand and wrist 

injuries in this specific young group with high demands of their hand and wrist and with a long 

active and working life ahead of them. Outcome following these injuries can be described using 

radiological measurements such as posttraumatic arthritis (PA), clinician reported outcomes 

(CROs) such as range of motion and grip strength, and patient reported outcomes (PROs) using 

questionnaires. Insight in the outcomes following hand and wrist injuries and the association 

between these different outcomes could guide treatment and rehabilitation strategies in this 

young non-osteoporotic patient category.

This thesis reported on several outcomes following hand and wrist injuries in young non-

osteoporotic patients and puts these in a clinical perspective. Part 1 described radiological 

measurements, CROs and PROs following distal radius fractures (DRFs) and perilunate 

(fracture) dislocations (PLD/PLFDs) in young non-osteoporotic patients. Furthermore, the 

association between these outcomes was analysed. Part 2 explored the validity of several PROs 

that might be used to analyse consequences of hand and wrist injuries.

Part 1 (Chapters 2 – 5) of this thesis investigated the role of radiological measurements, CROs 

and PROs following DRFs and PLD/PLFDs and their interrelated associations. Chapter 2 is 

a systematic review in which we provided an overview of literature on the association of PA 

with CROs and PROs in patients following DRFs who are of non-osteoporotic age. In addition, 

we aimed to present current knowledge on radiological predictors for PA. Prevalence of PA 

reported in all included studies was 50% and 37% when analysing the 10 studies with open 

source data. PA seemed to progress over time with a statistically significant higher prevalence 

of PA of 64% after follow-up > 36 months versus a prevalence of 31% with follow-up duration 

≤ 36 months. Six studies described a statistical significant association between the presence of 

PA and diminished flexion/extension. From the open source data we calculated that the presence 

of PA was only related to a significantly diminished radial deviation. No association between PA 

and grip strength seemed to be present. No conclusions could be drawn regarding the impact 

of PA on PROs due to limited data. Only residual articular incongruency could be pointed out 

as a predictive factor for the development of PA. 

In Chapter 3 we explored the prevalence of PA and the association of PA with radiological 

measurements, CROs and PROs in a cohort of 73 young non-osteoporotic patients following 

DRFs with a median follow-up of 62 months. Also, we aimed to achieve insight in employment 

changes following DRFs. PA had a prevalence of 32% and was statistically significantly associated 

with longer radial length, diminished flexion/extension and ulnar/radial deviation. Grip strength 



248

Chapter 10

was not associated with the presence of PA. Regarding the PROs, multiple statistically significant 

associations with PA were found; the Michigan Hand Questionnaire (MHQ) subscales ‘general 

functioning’, ‘esthetics’, ‘satisfaction’ and the total score as well as Short-Form36 (SF-36) 

subscales ‘physical functioning’ were all worse for patients with PA compared to those without 

PA. In regression analyses the Disability of Arm Shoulder and Hand questionnaire (DASH), 

Patient Reported Wrist Evaluation (PRWE) subscale ‘function’ and the total score of the PRWE 

were statistically significantly associated with flexion/extension. Ten per cent of patients stopped 

working or changed occupation because of the sustained DRF. 

In Chapter 4 we compared the results of the radiological measurements of the same cohort of 

patients as described in Chapter 3 with error magnitudes and CROs and PROs with minimal 

important change (MIC) as reported in literature. In addition, associations between radiological 

measurements and outcomes were analysed. Although several radiological measurements 

evolved statistically significantly over time, none exceeded measurement errors. Regarding 

CROs following DRFs, flexion/extension, ulnar/radial deviation and pro/supination of the 

injured wrist were all significantly diminished compared to the uninjured wrist. Only MIC for 

flexion/extension and grip strength had been reported. The flexion/extension difference of 

11.2° with the uninjured wrist exceeded MIC, while grip strength differences did not. MICs 

for DASH and PRWE have been reported in patients following DRFs, but not for MHQ nor 

for the SF-36 [1-3]. When comparing PROs in our population to PROs in healthy controls, the 

difference for the DASH did not exceed MIC, while the difference of the PRWE scores did. 

Furthermore, substantial differences between the DRF patients and healthy controls for MHQ 

subscales ‘general function’, ‘work’, ‘pain’, ‘satisfaction’ and total score and for SF-36 subscales 

‘vitality’ and ‘pain’ were present. Unfortunately, no MICs have been published yet for the latter 

two PROs, which seems a shortcoming in interpreting these valuable outcome tools when 

reporting on hand and wrist injuries. Residual articular incongruency seemed to be associated 

with diminished range of motion. Also, a diminished SF-36 ‘mental component score’ seemed to 

be statistically significantly associated with residual articular incongruency. Further research is 

mandatory on MICs when reporting outcome following DRFs, to be able to interpret clinically 

relevant outcomes.

Chapter 5 focused on PLD/PLFDs, which are rare injuries presented in nearly the same age 

group as those who sustained a DRF (Chapters 2, 3 and 4). To gain insight in the influence of 

PLD/PLFDs on outcome the 11 included patients in this cross-sectional study were matched to 

22 healthy controls. Patients experienced a significant impact on every day life with diminished 

range of motion (flexion/extension and ulnar/radial deviation), pain, diminished physical 

functioning, diminished satisfaction and they reported a lower general health status than healthy 

controls. Interestingly, no consequences for work participation were found in this small study. 
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In part 1 we emphasized that although several PROs are commonly used in reporting on 

outcomes following hand and wrist injuries, the interpretability and clinical relevancy are 

challenging. There is some variation in the psychometric properties of these instruments and 

the concepts measured are not always well defined. We think this might be due to insufficient 

validation for language and specific patient groups (target populations), but also due to a lack 

of knowledge on reference values, such as MICs for these instruments. 

Therefore, in part 2 (Chapters 6 – 8) of this thesis we focused on specific PROs used to report 

outcomes following hand and wrist injuries and the validation of these instruments for Dutch 

patients with upper extremity injuries. In Chapter 6 we evaluated structural validity and construct 

validity using Confirmatory Factor Analysis (CFA) of the Dutch version of the DASH (DASH-DLV) 

for 370 patients with isolated hand or wrist injury. This study suggested that the DASH-DLV reflects 

a unidimensional trait. Thus, reporting on subscale scores is of very limited value and should be 

avoided. Further studies should asses the validity of the DASH-DLV in more detail, as well as other 

measurement properties to ensure reliable interpretation of this PRO in clinical practice.

The Dutch version of the PRWE (PRWE-NL) was previously validated by our research group 

using CFA and revealed that the PRWE-NL measures a unidimensional trait in Dutch patients 

with hand and wrist injuries [4]. This also suggests that a single score should be used for the 

PRWE-NL without reporting subscale scores.

As mentioned earlier, we face challenges in interpreting reported outcomes following hand 

and wrist injury with commonly used PROs due to variation in psychometric properties and 

measurements of unclearly defined constructs. In addition, completing (several) PROs is 

time-consuming for patients. Because of these challenges, the Patient-Reported Outcomes 

Measurement Information System (PROMIS) developed a series of item banks, including 

the PROMIS® Physical Function – Upper Extremity (UE) v2.0 [5,6]. The goal was to improve 

measurement quality, comparability of PROs across medical conditions and reduce patients’ 

burden [7]. The item bank will be used as a Computerized Adaptive Test (CAT) system using an 

algorithm that selects questions from the item bank based on patients’ response to previous 

questions. When a predefined precision is reached, the system automatically stops asking 

questions which reduces the number of questions that need to be asked. 

In Chapter 7 the Dutch-Flemish PROMIS UE v2.0 (DF-PROMIS-UE v2.0) item bank was 

validated in 303 patients with upper extremity injuries by reporting on structural validity and 

construct validity using CFA. We showed that the DF-PROMIS-UE v2.0 item bank measures 

a unidimensional trait. Sufficient structural validity, internal consistency and construct validity 

were found. 
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To be able to use the DF-PROMIS-UE v2.0 CAT, successful validation and calibration with 

Item Response Theory (IRT) needed to be conducted, which was performed in Chapter 8. In a 

cohort of 521 patients with upper extremity injuries, the assumptions for fitting an IRT model 

were considered to be met. Therefore, the DF-PROMIS UE v2.0 item bank is considered to 

show sufficient evidence for unidimensionality, had negligible local dependence, good Graded 

Response Model (GRM) fit and demonstrated sufficient measurement invariance. The DASH 

displayed better reliability than the DF-PROMIS-UE 7-item short form and standard CAT and 

the QuickDASH showed comparable reliability. The MHQ-ADL displayed better reliability than 

the DF-PROMIS-UE v2.0 7-item short form and standard CAT for T-scores between 28-50. For 

patients with low function, the DF-PROMIS-UE v2.0 measures performed better. In addition, 

The DF-PROMIS-UE CAT is on average more efficient than the DF-PROMIS-UE full bank and 

7-item short form and more efficient than the DASH, QuickDASH and MHQ. The DF-PROMIS-

UE v2.0 is now ready for use as CAT in research and clinical practice. CAT reduces the number 

of questions that need to be answered and therefore diminishes the burden for patients.

In Chapter 9 we provided an overview of the research presented in this thesis. We have 

shown that hand and wrist injuries can evolve in major life events for patients, due to possible 

impairment in daily life. Therefore, for clinical practice, the organisation of a specialized team 

dedicated to hand and wrist injuries including trauma surgeons, orthopaedic surgeons, plastic 

surgeons, rehabilitation physicians, radiologists and hand therapists is advised. We propose a 

‘lean’ version of the described core set of measures for clinical practice [8,9] with known MICs 

to interpret clinical relevant change; flexion/extension, ulnar/radial deviation and either the 

DASH or PRWE. Validation of the Dutch translated version of the MHQ and SF-36 was advices. 

In the near future, we aim to to report on MICs for the DASH, QuickDASH, PRWE, MHQ, SF-36 

and DF-PROMIS-UE v2.0 item bank for young non-osteoporotic patients following hand and 

wrist injury. This will enable implementation of low burden PROs in ‘lean’ core sets to interpret 

outcome in clinical practice.
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