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GENERAL DISCUSSION, FUTURE PERSPECTIVES 
AND CONCLUSIONS

General objective

The general objective of this thesis was to gain insight in radiological measurements, clinician 

reported outcomes (CROs) and patient reported outcomes (PROs) following hand and wrist 

injuries in non-osteoporotic patients. We have aimed to report on the prevalence of posttraumatic 

arthritis (PA) in these young non-osteoporotic patients and to describe the association between 

radiological measures, CROs and PROs following distal radius fractures (DRFs). Our second 

objective was to report on CROs and PROs following perilunate (fracture) dislocations (PLD/

PLFDs). In addition, we intended to validate several PROs in the Dutch translation for upper 

extremity injuries. Finally, the purpose of this thesis was to put outcomes in perspective by 

reporting on their clinical relevance. 

Posttraumatic arthritis following distal radius fractures

Prevalence

From the systematic review and our studied cohort of non-osteoporotic patients presented 

in this thesis, we conclude that the prevalence of PA following a distal radius fracture (DRF) 

was high at medium to longterm follow-up (respectively 37%-50% with follow-up ranging 18 

months-38 years and 32% with median follow-up 62 months). In our cohort, all patients with 

PA had grade I or II after a follow-up of 5 years [1]. Based on our results we suggest that PA 

is a progressive process and changes significantly over time (prevalence of PA 31% at ≤36 

months and 64% with >36 months follow up, respectively) [2]. This is supported by Forward 

et al. who described a cohort of young patients following DRFs at a mean follow-up of 38 years 

[3]. Although they reported a comparable prevalence of PA, after this long follow-up duration 

the grading of PA was worse (all grade II or III). We state that it is of importance for the young 

patient to comprehend that PA develops and progresses over time following DRFs, in the light 

of an expected long active working life.

PA and the association with age 

Basic scientific and clinical studies have shown that older age is an important risk factor for 

the development of PA due to age-related changes in articular chondrocytes which results in 

altered ability to respond to cartilage damage [4-6]. We have chosen to select a young group of 

patients to investigate the influence of hand and wrist injury, who have a long active life ahead 

of them, because we reckon they have higher functional demands than older patients. A reason 

of not finding an association between age and PA in our study, could be that we selected young 

patients with normal functioning articular chondrocytes. In contrast, other authors reporting on 

DRFs in patients with wider age ranges did show an association between older age and higher 

prevalences of PA up to 65% of PA after 6.7 years [1,3].
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Radiological measurements

Articular incongruency. In the presence of articular surface incongruency and joint instability 

there is an abnormal loading of the cartilage and subchondral bone, which leads to progressive 

cartilage degeneration [7,8]. This can decrease the cartilage repair potential, forming an ongoing 

vicious cycle and resulting in progression of PA over time [4]. To avoid this vicious cycle, it has 

been advocated to treat intraarticular fractures with anatomical reduction and stable fixation 

of articular fragments, which consequently results in reduction of the cartilage surface [9]. The 

studies included in our systematic review reported that DRFs healed with a step-off > 2mm 

are associated with development of PA [1,10-15]. However, in our cohort study no statistically 

significant association between articular incongruency and PA was present. This may be 

explained by the fact that, although 56 patients had some articular incongruency, only in 7 

patients this exceeded 2 mm at follow-up. In addition, the grading of PA might not be severe 

enough yet to prove an association with articular incongruency due to a relatively short follow-

up period. With longer follow-up duration, other authors have described an association between 

articular incongruency and PA [3]. We therefore conclude that intraarticular incongruency 

should be diminished with adequate reduction and stable fixation, where applicable, should be 

pursued to avoid PA in this young non-osteoporotic patient cohort.

Ligamentous injury. DRFs in young patients most often result from high-energy trauma and therefore 

most often are intraarticular fractures, which are associated with concommitant ligamentous injuries 

[16-20]. Prevalences up to 98% of associated ligamentous injury with DRFs, mostly scapholunate 

(SL) ligament injuries, have been described [21,22]. Similar to the genesis of ligamentous injury in 

distal DRFs, in carpal injuries, SL ligament injury is the first stage in the injury cascade that takes 

place in perilunate (fracture) dislocations (PLD/PLFDs) and can result in joint instability (according 

to the mechanism as described by Mayfield (Chapter 1, Figure 2) [23,24]. Progress over time of 

this joint instability is known as scapholunate advanced collaps (SLAC) and is known to result in 

radiocarpal PA [20]. Unfortunately, SL injuries are difficult to diagnose on plain radiographs, as only 

Geissler type IV lesions are represented by a distance between scaphoid and lunate > 2mm due to a 

complete tear [20,21,25]. In our study population, 30 patients had SL-distances exceeding 2mm, but 

no association with PA was present. Mrkonjic et al. support our finding that associated scapholunate 

injury in patients following DRF does not have to result in PA by scapholunate advanced collapse 

after long-term follow-up [26]. They reported no SLAC and subsequent PA at 15 years following 

DRFs with arthroscopically proven SL injuries. They hypothesized that radiographic instability 

of the SL ligament is not necessarily presented with clinical instability as tested with the Watson 

shift test [27]. Clinical instability is dependent on which anatomical portion of the SL is injured; it is 

known that the dorsal portion is most important for stability as well as extrinsic dorsal stabilizators 

[28]. Partial rupture of the SL ligament (for instance the volar portion) does not necessarily result in 

clinical instability. In addition, possibly the healing potential of the SL ligament might add to regaining 

a clinical stable situation following DRFs [26].
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Other radiological measurements. With regard to other radiological measurements as predictors 

for PA, literature reported conflicting results [3,11,29,30]. In our study, the only radiological 

measurement that was associated with PA was radial length. Patients with PA had a statistically 

significant longer radial length (1mm) in comparison to patients without PA. In addition, in the 

patients with PA, the radial length of the injured wrist was also significantly longer (1.2mm) in 

comparison to the uninjured wrist. However, these measurements fall within error magnitude 

as reported by Watson et al. and therefore might be explained by measurement error [31].

To our knowledge, no studies reported on longer radial length and the association with PA. In 

contrast, Forward et al. reported on radial shortening of 2mm resulting in a 2.4 times higher risk 

on PA than with no shortening in radial length with a mean follow-up duration of 38 years [3]. 

However, most studies included in the systematic review reported no significant association 

with shortened radial length and the development of PA [1,32,33]. The development of PA has 

multifactorial causes, such as increased stress on the articular surface that damages cells and 

matrices of articular cartilage and subchondral bone [4]. So adequate correction of the radial 

length radius following DRFs seems to be important to decrease the risk on PA. However, further 

research regarding the influence of radial length on the development of PA is mandatory. 

PA and CROs 

aROM. The included studies in the systematic review reported conflicting results regarding the 

association between PA and active range of motion (aROM); four studies described a significantly 

diminished flexion or flexion/extension [2,13-15]. One study described poor supination [12] and 

five studies reported no statistically significant association between PA and aROM (Chapter 

2) [34-38]. All included studies described small populations, which might be an explanation for 

the conflicting outcomes. To overcome this, pooled data analysis of the open source data of 

seven studies was performed, revealing that only the aROM measurement radial deviation was 

statistically significantly worse in patients with PA in comparison to patients without PA (mean 

difference 3°) [12,13,15,35,37,39,40]. This mean difference is however within error magnitude 

and might be explained by measurement error [31]. When analyzing our patient cohort (Chapter 

3), patients with PA had clinically relevant (and statistically significant) diminished flexion/

extension (12°) and ulnar/radial deviation (6.3°) [41]. Although our cohort was comparable to 

the cohorts in the studies included in the systematic review regarding age and fracture type, the 

included number of patients in the studies reporting on an association between PA and aROM 

were mostly smaller than ours. In addition, the length of follow-up differed extensively between 

the studies. These factors might be the reason for the different results reported in our study 

(Chapter 3) in comparison with the results reported in the studies included in the systematic 

review (Chapter 2). With the expected progression of PA and a long active life ahead in these 

young patients, the knowledge that diminished flexion/extension and ulnar/radial deviation can 

be expected following DRFs is of importance to these young patients and their treating clinicians. 
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Grip strength. PA was not associated with diminished grip strength measurements in young 

patients following DRFs. Grip strength does not seem to be a determinant of hand or wrist 

function alone, but merely a reflection of overall muscle strength of the entire upper limb [42]. 

PA and PROs

Little is written in literature on the association between PA following DRFs and PROs. In the 

cohort study presented in Chapter 3, patients with PA had significantly lower scores on the 

MHQ subscales ‘general functioning, ‘esthetics’, ‘satisfaction’ and total MHQ score. In addition, 

the SF-36 subscale ‘physical functioning’ was statistically significantly lower in patients with 

PA. The question arises if these differences withold clinical relevant changes. Unfortunately, 

to our knowledge, no Minimal Important Changes (MICs) have been reported for these PROs. 

For DASH and PRWE subscales and total scores reference MICs are available [43,44] and only 

the difference between patients with PA and without PA on PRWE subscale ‘pain’ exceeded the 

reported MIC. However, the validated Dutch language version of the PRWE (PRWE-NL) seems 

to measure a unidimensional trait, so reporting on the subscale ‘pain’ in the Dutch translated 

version is not advocated [45]. Therefore, reporting MICs for the PRWE subscales might not be 

advisable. Our results suggest that PA does not have a clinical relevant impact as perceived by 

patients based on results gathered from the DASH and PRWE. Another possibility is that these 

questionnaires might not be the right tools to differentiate between patients with limitations 

due to PA or without. As a consequence, in our opinion both questionnaires cannot be used 

to monitor progression of PA in patients who sustained a DRF. The statistically significant 

associations between PA and the MHQ and SF-36 suggest that PA does impact non-osteoporotic 

patients following DRFs. The MHQ seems a promising tool to differentiate between patients 

who do or do not experience limitations due to PA following hand and wrist injury. To gain better 

insight into the clinical relevance of PA, MICs regarding the MHQ and SF-36 should be obtained.

Radiological measurements

Evolution 

Patients following DRFs did not show signs of changes in radiological measurements in the first 

6 weeks post-injury (Chapter 4), which is remarkable. Neidenbach et al. stated that changes 

did occur in these first 6 weeks following DRFs [46]. One of the possible explanations for their 

finding was that in their study, unstable DRFs were treated with conservative management, 

resulting in early dislocation. In our study, DRFs with unstable characteristics were treated 

with open reduction and stable fixation according to the Dutch guidelines for treating DRFs 

[47,48]. The earlier mentioned study reported no radiological changes between 6 weeks and 1 

year follow up [46]. In contrast, our study did suggest that ulnar variance and radial inclination 

increased and step-off and gaps diminished statistically significantly during 5 years following 

DRFs. However, all these changes were minimal (≤ 1mm or ≤ 1°) and did not exceed reported 

error magnitudes suggesting they might be classified as measurement error [31]. 
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If ulnar variance and radial inclination increase, but radial length does not increase, a 

compression (and relative shortening) of the ulnar side of the distal radius must be present. 

Rikli and Regazzoni described this anatomical area in 1996 as the intermediate column [49,50]. 

It consists of the lunate facet and the sigmoid notch and is responsible for >50% of the axial 

compressive forces that are transmitted across the wrist during normal activity [51]. Brink and 

Rikli acknowledged the importance of the intermediate column and described the volar and 

dorsal ‘key corner’ of the intermediate column. They stated that control with reduction and 

stable fixation of this ‘key corner’ should be the first step of the surgical strategy after a DRF, 

because insufficient treatment may result in joint instability and carpal subluxation [50]. The 

changes over time as presented in our study might be the result of some instability of this ‘key’ 

corner, although changes were minimal.

As stated earlier, step-offs and gaps seemed to diminish over time in our study. Residual step-

offs and gaps with concominant cartilage injury have been related to insufficient remodelling 

processes of subchondral bone leading to the development of PA [52]. In contrast, animal 

studies have suggested that the extent of incongruency following intraarticular fractures might 

diminish due to cartilage and subchondral bone remodelling responses [53]. To our knowledge, 

no literature on a decrease in articular incongruency in adult patients is available. Bone healing 

is a complex event that involves coordination of two complex forces: anabolism or tissue 

formation and catabolism or remodelling under influence of axial, translational and rotational 

forces [54,55]. Possibly a form of remodelling diminishes the articular incongruence, but further 

research is mandatory. 

Reference values 

Mean radiological measurements at follow-up of the reported DRFs in this thesis were within 

reported normal ranges, although several patients did have radiological measurements 

exceeding reference values. Normal reference values regarding radiological measurements 

following DRFs have been reported in literature (Chapter 1, Figure 3) [56-64]. Some studies 

reported on small populations and were published between 1976 and 2018 with most likely 

varying quality of radiographic imaging over time. To overcome the shortcomings of comparing 

radiological measurements with reported reference values, we have used the measurements 

of the uninjured wrist as a reference to ensure correction for anatomical variation between 

patients. Of all radiological measurements, only a statistical significantly more pronounced 

dorsal angulation was present in the injured wrist compared to the uninjured wrist (Chapter 

4). This measurement change did not exceed reported error magnitude [31] and thus might be 

explained by measurement error. Our results may suggest that adequate treatment has been 

provided to the patients, but may also suggest that the reported reference measurements have 

such wide ranges that patients in our study only exceeded reference values minimally. More 

importantly, the question arises what the clinical implications of radiological measurements 
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are. Acceptable alignment has not been defined yet in terms of clinical relevance. The reported 

reference values for radiological measurements following DRFs might not reflect the thresholds 

for a clinical relevant impact on outcomes. We suggest the use of radiological measurements of 

the uninjured wrist as reference. We advise to determine minimal important changes (MICs) 

regarding radiological measurements to put reference values in perspective in terms of clinical 

relevance. 

Radiological measurements, CROs and PROs

The associations between PA, residual articular incongruency and worse outcome regarding 

aROM and PROs seem to be complex. Regarding radiological measurements, only step-off was 

associated with diminished flexion/extension, radial/ulnar deviation and worse SF-36 ‘mental 

component’ score with statistical significance (Chapter 4). In addition, we have shown that 

articular incongruency was associated with PA. Also, PA was associated with worse aROM 

measurements and PROs (Chapter 2-3). In addition, diminished aROM measurements were 

associated with diminished PROs (Chapter 3). Because our population was relatively small, 

we have chosen not to compare patients who can be categorized within or out of radiological 

reference values as reported in literature. A recent systematic review regarding the association 

between radiological measurements and PROs following DRFs has hypothesized that 

radiological measurements exceeding reported reference values (Chapter 1, Figure 3) are less 

well tolerated by young active patients in comparison to patients older than 60-65 years of age 

[65]. The two included studies that stratified for age showed a clinically relevant difference 

between acceptable and unacceptable alignment regarding the PRWE and DASH scores for 

patients younger than 60-65 years and not in older patients [66,67]. Besides step-off, the 

radiological measurements in our study might not have been pathological ‘enough’ to show 

associations with PROs. 

 

Clinician reported outcomes

Active range of motion 

Flexion/extension and radial/ulnar deviation seem to be cinically relevantly diminished 

following DRFs and PLD/PLFDs in our groups of young non-osteoporotic patients when 

comparing these CROs to healthy controls, but also when comparing outcomes to the 

uninjured wrist (Table 1 & Chapter 3-5) [41]. Although not statistically tested, PLD/PLFD 

patients seem to have worse aROM measurements than patients following DRFs (Table 1). 

This may imply that a PLD/PLFD is a more severe injury with poor functioning in comparison 

to a DRF. For DRF patients, diminished aROM was associated with PA and articular 

incongruency (Chapter 3-4). For the patients following PLD/PLFDs we could not calculate 

such associations due to the limited sample size (Chapter 5). However, it is known that PLD/

PLFDs may lead to PA due to joint instability resulting in SLAC [68-70]. This could be an 
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explanation for the diminished aROM measurements in these patients. Karagiannopoulos et 

al. are the only authors reporting on MIC regarding aROM following DRFs using an anchor-

based method (N= 33, mean age 59.7 years, follow-up 8-12 weeks) [41]. No MICs were 

reported for ulnar/radial deviation or pro/supination. The target population was comparable 

to our population, although the reported population was older than non-osteoporotic age 

ranges and the sample size was small. We hypothesize that younger patients may have 

even lower thresholds for noticing a decrease in aROM in every day life, because of their 

high demand of hand and wrist function. MICs for all aROM measurements need to be 

calculated in a younger population following DRFs and PLD/PLFDs, to determine actual 

clinical relevance of diminished function of hand and wrist for this cohort. When councelling 

patients regarding their hand or wrist injury and the expected outcome, it should be pointed 

out that diminished aROM can be expected.

Grip strength

Following DRFs no clinical relevant change in grip strength measurements was observed 

when comparing outcomes to the grip strength measurements of the uninjured wrist (Table 

1 & Chapter 3). However, within the PLD/PLFD patients clinically relevantly diminished 

grip strength was present when comparing outcome with measurements of the uninjured 

wrist. This result remained present when excluding the patients receiving a wrist arthrodesis 

(Chapter 4). Again, this accentuates that a PLD/PLFD seems to be an injury with more severe 

consequences than a DRF. For DRFs, only grip strength was statistically significantly associated 

with shorter radial length (Chapter 4). Several reports have mentioned an association between 

radial shortening and diminished grip strength measurements [1,71-74]. Radial shortening 

can cause an increased pressure in the distal radio-ulnar joint (DRUJ) and a shift in the centre 

of pressure within the sigmoid notch and impact grip strength in a negative manner [75-77]. 

We hypothesize that radial length as measured in our study was not pathological enough to 

show statistically significantly diminished outcomes. In addition, it has been reported that 

grip strength is not a determinant of hand or wrist function alone, but merely a reflection 

of overall muscle strength of the chain of muscles of the upper limb [42]. In this light, our 

results regarding the PLD/PLFD patients are remarkable. We hypothesize that the limitations 

following PLD/PLFDs results in disuse and subsequently diminished overall muscle strength 

of the injured arm. Kim et al. presented the only research on MICs regarding grip strength 

measurements in 50 patients treated for a DRF with volar locking plate fixation using an 

anchor-based method at 1 year follow up [78]. Although the target population was comparable 

to our population, the sample size was small and ages were not reported. MIC values for grip 

strength measurements, such as power grip, sustained grip and key pinch grip, need to be 

calculated in larger patient populations with specific stratification for age, gender and injury 

characteristics to enable better interpretation of CROs. This can determine actual clinical 

relevance of grip strength for this cohort. 
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Patient reported outcomes

From our studied cohort following DRFs, the PRWE was clinically relevantly diminished 

(Chapter 4). We concluded that some PROs are statistically significantly diminished in patients 

with PA and with residual articular incongruency (Chapter 3). In addition, substantial differences 

regarding PROs were encountered between patients with DRFs and PLD/PLFDs and exceeding 

MICs (Table 2). We may conclude that the latter patients seem to suffer more limitations, 

although we only investigated a limited sample size. PROs are becoming increasingly important 

to report on outcome following hand and wrist injuries. Several authors have adviced to report 

core sets of outcome measures (including CROs and PROs) to facilitate comparing outcomes 

reported in literature [80,81]. However, for clinical practice, these core sets seem too extensive 

and thus too time-consuming. Therefore, we advise a more practical version. The question arises 

which PRO to implement in this ‘lean’ core set?

It is important to understand what a PRO is actually measuring and if it is measuring the same 

construct as it was designed to do. It is known that by translating a PRO, the designed construct to 

be measured can change. Therefore, validation studies are necessary following translation. The 

original constructs of the DASH and the PRWE were designed to measure multiple subscores in 

the English language [82-84]. We concluded that the DASH-Dutch Language Version (DASH-

DLV) measures a unidimensional trait in patients with upper extremity injuries and should be 

reported as a single score (Chapter 6). In addition, the Dutch version of the PRWE (PRWE-NL) 

has been validated by our research group and it was concluded that the PRWE-NL also measures 

a unidimensional trait in patients with upper extremity injuries [45]. Therefore, single scores 

Table 1. Comparison of CROs of the studies of this thesis

CROs DRF patients

(N=73)

Uninjured wrist 

DRF patients

Mean difference 

DRF 

PLD/PLFD 

patients

(N=11)

Uninjured wrist 

PLD/PLFD 

patients 

Mean difference 

PLD/PLFD

Mean difference

DRF – PLD/

PLFDs

Healthy controls

(N=22)

MIC

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Range of motion (°)

Flexion/extension

Ulnar/radial deviation

Supination/pronation

141 (18)

58 (11)

147 (13)

153 (13)

65 (11)

152 (11)

-11.2 (12.6)*

-6.9 (9.9)

-5.3 (11.0)

90 (27)

33 (14)

155 (12)

144 (16)

61 (10)

162 (9)

-54 (34)*

-29 (13)

-8 (9)

51

25

-8

150 (20)

61 (12)

164 (14)

5.0-7.1 [41]

Grip strength 

measurements (kg)

Grip strength

Sustained grip strength

Key pinch strength

43.5 (13.2)

24.6 (10.9)

8.5 (2.8)

46.1 (12.7)

25.0 (9.6)

8.7 (2.5)

-2.6 (6.0)

-.4 (6.4)

-.1 (2.0)

35.3 (16.0)

22.3 (11.9)

8.5 (1.7)

48.0 (13.0)

30.0 (10.2)

9.2 (2.4)

-12.7 (10.4)*

-7.6 (9.8)

-.7 (1.6)

8.2 45.1 (14.3)

29.6 (10.6)

9.0 (2.4)

6.5 [78]

N=number of patients, CROs=clinician reported outcomes, DRF=distal radius fracture, PLD/

PLFD=perilunate (fracture) dislocation, MIC=minimal important change, °=degrees, kg=kilograms, 

*=difference exceeding MIC
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should be reported when using the DASH-DLV and PRWE-NL. The QuickDASH was validated 

in the Dutch language for patients with elbow dislocations [85], but not for patients with hand 

and wrist injuries. The MHQ has not been validated in the Dutch translated version. Our goal 

is to perform this in the near future. The SF-36 has been validated in the Dutch language in a 

general population and the authors concluded that it had acceptable validity [86]. However, 

statistically significant differences in mean scores were observed as a function of age, gender 

and the prevalence of chronic health conditions [86]. This supports our hypothesis that younger 

patients might score differently on PROs than older patients. To our knowledge, the SF-36 has 

not been validated in patients with hand and wrist injuries. The PROMIS Physical Function 

– Upper Extremity v2.0 (PROMIS UE v2.0) item bank, containing 46 items, was specifically 

designed for upper extremity disorders [87,88]. It has been translated to the Dutch language and 

validated (Chapters 7 and 8). We concluded that it measured a unidimensional trait. Following 

Item Response Theory, the Dutch-Flemish PROMIS UE v2.0 (DF-PROMIS-UE v2.0) item bank 

is now ready for Computer Adaptive Testing (CAT). CAT uses an algorithm that reduces the 

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

In addition, the standard DF-PROMIS-UE v2.0 7-item short form consisting of 7 pre-determined 

questions showed sufficient psychometric properties. Age was not a determinant of outcome, 

i.e. younger patients did not answer items different than older patients. Patients with hand/wrist 

problems scored worse on items regarding fine tactile function, while patients with shoulder/

arm complaints scored worse on items regarding heavy lifting tasks. The impact on the total 

score, however, was negligible because the biases cancelled each other out. Our results from 

the validation studies suggest that outcome as measured with PROs might not necessarily 

Table 1. Comparison of CROs of the studies of this thesis

CROs DRF patients

(N=73)

Uninjured wrist 

DRF patients

Mean difference 

DRF 

PLD/PLFD 

patients

(N=11)

Uninjured wrist 

PLD/PLFD 

patients 

Mean difference 

PLD/PLFD

Mean difference

DRF – PLD/

PLFDs

Healthy controls

(N=22)

MIC

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Range of motion (°)

Flexion/extension

Ulnar/radial deviation
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141 (18)

58 (11)

147 (13)

153 (13)

65 (11)

152 (11)

-11.2 (12.6)*

-6.9 (9.9)

-5.3 (11.0)

90 (27)

33 (14)

155 (12)

144 (16)

61 (10)

162 (9)

-54 (34)*

-29 (13)

-8 (9)

51

25

-8

150 (20)

61 (12)

164 (14)

5.0-7.1 [41]

Grip strength 

measurements (kg)

Grip strength

Sustained grip strength

Key pinch strength

43.5 (13.2)

24.6 (10.9)

8.5 (2.8)

46.1 (12.7)

25.0 (9.6)

8.7 (2.5)

-2.6 (6.0)

-.4 (6.4)

-.1 (2.0)

35.3 (16.0)

22.3 (11.9)

8.5 (1.7)

48.0 (13.0)

30.0 (10.2)

9.2 (2.4)

-12.7 (10.4)*

-7.6 (9.8)

-.7 (1.6)

8.2 45.1 (14.3)

29.6 (10.6)

9.0 (2.4)

6.5 [78]

N=number of patients, CROs=clinician reported outcomes, DRF=distal radius fracture, PLD/

PLFD=perilunate (fracture) dislocation, MIC=minimal important change, °=degrees, kg=kilograms, 

*=difference exceeding MIC
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be comparable between patient populations with different characteristics and with different 

disorders. In Chapter 7, we concluded that the construct validity of the DF-PROMIS-UE v2.0 

was good with high correlations with all legacy instruments: DASH, PRWE and MHQ-ADL. 

This suggests that the DF-PROMIS-UE v2.0 could replace the more extensive PROs that have 

been validated in the Dutch language; the DASH-DLV and PRWE-NL. This might be promising 

for our suggested lean core set. The DF-PROMIS-UE v2.0 CAT or 7-item short form are also 

less time consuming, which is important for implementation in clinical practice. However, some 

differences in reliability between the PROs were found. The DASH and MHQ-ADL displayed 

better reliability than the DF-PROMIS-UE v2.0 standard CAT and 7-item short form. The MHQ-

ADL was less reliable than the DF-PROMIS-UE v2.0 CAT and 7-item short form in patients with 

poor upper extremity functioning (Chapter 8). In addition, The DF-PROMIS-UE v2.0 CAT is 

on average more efficient than the DF-PROMIS-UE v2.o full item bank and 7-item short form 

and more efficient than the DASH, QuickDASH and MHQ (Chapter 8). This should be taken 

into account when interpreting these PROs in clinical practice. Because the PRWE was not 

administered in half of the population, we have not been able to perform reliability and efficiency 

analyses for the PRWE and PROMIS-UE v2.0 item bank, unfortunately. From our cohort studies, 

the MHQ seemed to provide more discriminative ability with substantial differences in scores 

between patients following DRFs with and without PA or in PLD/PLFD patients in comparison 

with healthy controls. For clinical practice, a reliable PRO with low burden for the patient is 

desirable, such as the MHQ-ADL, QuickDASH, PROMIS-UE v2.0 7-item short form and CAT 

methodology comprise of 7, 11, 7 and 4-7 items respectively. 

If considering inclusion of a PRO in a ‘lean’ core set of measurements following hand and 

wrist injuries, the following should be taken into account: DASH and PRWE are PROs with an 

extensive number of items, which may be considered too much for use in daily clinical practice; 

MHQ has not been validated in the Dutch language yet and has no reported MICs for hand 

and wrist injuries; the translated version of the QuickDASH has not been validated for Dutch 

patients with hand and wrist injuries; the PROMIS-UE v2.0 item bank has no reported MICs 

yet. As such, it is not easy to advise on a lean version of a core set. For the time being, we advise 

to use the DASH and PRWE. We reconsider this advice if MICs have been determined for the 

PROMIS-UE v2.0 item bank and MHQ or if MHQ and QuickDASH have been validated in the 

Dutch translated versions for this specific patient cohort. 

Minimal important change

Assessing patient progress has become an integral part of clinical practice nowadays. Meaningful 

threshold change values of outcome tools are essential for guidance and decisionmaking regarding 

a patient’s treatment and rehabilitation strategies. Having clear values for MICs regarding PROs 

for hand and wrist injuries will facilitate clinical interpretation and optimal communication with 

individual patients regarding their outcome. The differences in PROs reported in this study 
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between the healthy controls, patients following DRFs and patients following PLD/PLFDs are 

substantial and exceed reported MICs, indicating substantial impairments in daily life (Table 2). 

Note however that MICs are thresholds to determine clinical relevant changes as perceived 

in individual patients and not between groups. Terwee et al. state that interpretation of MICs 

should be done with caution due to different methodology and differences between patient 

cohorts [89]. Let us take a closer look at what we do know regarding MICs for the PRO scores 

reported in this thesis. Franchignoni et al. used a combination of anchor- and distribution-based 

methods to calculate the MIC for the DASH in 255 patients (mean age 49 years, SD 15) with 

upper extremity injuries of which 9% comprised of DRFs [43]. Walenkamp et al. calculated the 

MIC of the PRWE subscales and total scores on 102 Dutch patients (median age 59 years, IQR 

48-66) following DRFs using anchor-based methods [44]. Shauver et al. used an anchor-based 

method to determine MIC of the MHQ for patients with carpal tunnel syndrome, reumatoid 

arthritis and DRFs [90]. The variation of the MICs for patients with carpal tunnel syndrome 

and reumatoid arthritis were substantial, supporting the theory that MICs should not be 

extrapolated between different patient cohorts. Due to ceiling effects for the DRF patients at 

the 3 months assessment, none of the MHQ domains showed discriminative ability [90]. Possibly 

this patient population was ‘too good’ to show discriminative ability and further research with 

larger populations is mandatory. For the SF-36, no MICs regarding upper extremity injuries 

have been calculated to our knowledge. We conclude that various methods have been used to 

determine MICs in literature, which might result in non-comparable MICs. In addition, MICs 

should not be extrapolated between different patient cohorts and therefore we hypothesize 

younger patients might have lower MIC thresholds to notice impairment. Further research is 

mandatory to determine clinical relevance in specific patient populations stratified for age and 

injury for all PROs reported in this thesis.

Strengths and weaknesses

One of the innovative aspects of this thesis is the specific inclusion criterium regarding age of the 

patient cohort. We have specifically tried to gain insight in a non-osteoporotic age group, since 

we believe they have high demands of the function of their hand and wrist following injury. The 

systematic review described in this thesis is the first to our knowledge to report on outcomes 

in this patient group. 

Radiological measurements, CROs and PROs were concisely obtained with validated 

measurement protocols and are therefore reproducible. All radiographs were evaluated by a 

single radiologist specialized in musculoskeletal disorders with a special interest in hand and 

wrist anatomy; For CROs (aROM and grip strength) we used the same measurement protocol 

for all studies. For PROs we used the DASH, PRWE, MHQ and SF-36 for all cohort studies. As 

such, we produced manuscripts with specific information on a core set of CROs and PROs as 

have been suggested to report on when reporting on outcome following DRFs [80,81]. 
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Table 2. Comparison of PROs of the studies of this thesis

PROs DRF 

patients

(N=73)

PLD/PLFD 

patients

(N=11)

Mean 

difference

DRF – PLD/

PLFDs

Healthy 

controls 

(N=22)

MIC

Mean (SD) Mean (SD) Mean (SD)

DASH 9 (12) 22 (20) 13 3 (6) 10.8 [43]

PRWE

Pain

Function

Total

9 (11)

10 (15)

14 (17)

19 (14)

19 (28)

31 (22)

10

9

17

1 (2)

0 (1)

1 (3)

1.5 [44]

10

11.5

MHQ

General function

Activities general life

Work

Pain

Esthetics

Satisfaction

Total

74 (19)

90 (15)

87 (21)

85 (20)

92 (15)

77 (26)

84 (16)

59 (16)

84 (13)

89 (20)

71 (26)

91 (11)

63 (30)

76 (15)

15

14

2

14

1

14

8

94 (9)

99 (2)

100 (0)

98 (4)

97 (11)

99 (2)

98 (3)

SF-36

Physical functioning

Social functioning

Role model physical problem

Role model emotional problem

Mental health

Vitality

Pain

General health experience

Health change

92 (12)

90 (19)

86 (28)

90 (27)

83 (13)

71 (18)

81 (19)

73 (18)

52 (20)

86 (9)

80 (31)

61 (41)

85 (35)

75 (19)

67 (21)

68 (22)

67 (11)

45 (10)

6

10

25

5

8

4

13

6

7

93 (15)

95 (12)

88 (30)

95 (21)

89 (11)

82 (15)

90 (14)

78 (14)

51 (14)

n=number, PROs=patient reported outcomes, DRF=distal radius fracture, PLD/PLFD=perilunate 

(fracture) dislocation, MIC=minimal important change, DASH=disabilty of arm, shoulder and hand, 

PRWE=patient reported wrist evaluation, MHQ=michigan hand questionnaire, SF-36=short-form 36

Not only have we reported on statistical significance, but more importantly on clinical relevance 

by comparing outcomes with MICs as reported in literature. This has been scarcely performed 

in literature regarding hand and wrist injuries. Being able to extrapolate results as presented 

in this thesis to clinical practice is important. We believe we have contributed to clinicians’ and 

patients’ interpretation of CROs and PROs following hand and wrist injury in everyday clinical 

practice and this can guide treatment and rehabilitation strategies. 
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It has to be acknowledged that the included studies in the systematic review describe small 

cohorts of patients. In addition, the same is true for our clinical studies. Also, a selection bias may 

have been present in our clinical studies, since our respons rate was low. Conclusions regarding 

radiological measurements, CROs and PROs should therefore be interpreted with caution. 

Adequate sample sizes were used to validate the DASH-DLV, PRWE-NL and DF-PROMIS-UE 

v2.0. The reference values, error magnitudes and MICs reported in literature that we have used 

as references for CROs and PROs have been calculated mostly with (different) anchor based 

methods in small patient cohorts that are not completely comparable [31,41,43,44,78,90]. This 

implies care should be taken when drawing conclusions and further research is necessary. 

Clinical implications 

Most important knowledge for young non-osteoporotic patients and their primary treating 

clinicians is that flexion/extension and ulnar/radial deviation following DRFs and/or PLD/PLFDs 

have a high chance of being impaired to such an extent that patients will notice this in daily 

life. For patients following PLD/PLFDs these impairments seem to be worse than for patients 

following DRFs. Grip strength most likely is not affected for patients following DRFs (except 

those with radial shortening), but is clinically relevantly impaired in patients following PLD/

PLFDs. Consequently, hand and wrist injuries can evolve in a major life event for a patient. 

At their visit to the surgical emergency department, it is therefore mandatory that patients 

receive adequate consultation and information regarding the characteristics of the injury and 

the expected outcomes. Following DRFs, PA and residual articular incongruency are main 

factors impacting range of motion and PROs. In addition, adequate correction of radial length 

seems important to decrease the risk of PA. Therefore, treatment strategies should be aimed at 

limiting articular incongruency to a minimum and correct radial length adequately in this patient 

population. Reference radiological measurements should be used with caution and we advise 

to use a radiograph of the uninjured wrist to put measurements in perspective and correct for 

anatomical variation. 

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

impairment in daily life, we advise organisation of a specialized team dedicated to hand and 

wrist injuries including trauma surgeons, orthopaedic surgeons, plastic surgeons, rehabilitation 

physicians, radiologists and hand therapists. This multidisciplinary approach ensures the best 

possible primary treatment, but also facilitates optimal rehabilitation treatment to diminish 

future impairment to a minimum. In addition, it can help patients cope with residual diminished 

function and provide them with options for adjustments in daily life if needed.
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For the individual patient it would be beneficial to get insight in their own progress following 

rehabilitation and in reference values of our suggested ‘lean’ core set of CROs and PROs from 

patients with a comparable age and injury. This way, a patient can gain realistic expectations 

of outcome following their hand and wrist injury. With actively involving individual patients in 

the treatment and rehabilitation process following an injury, this will add to achieving the best 

possible outcome. 

Future perspectives

We would advise to create a database of non-osteoporotic patients following hand and wrist 

injury consisting of patient characteristics (i.e. age, gender, intensity of occupation, intensity 

of sports/hobbies), injury characteristics (i.e. type of injury, radiological measurements, open/

closed injury, type of treatment) and CROs and PROs at several follow-up moments (baseline, 

6 weeks, 3 months, 6 months, 1 year). Preferably, multicenter inclusion should be organized. 

Data should be collected in data repositories. The burden for patients and clinicians should be 

minimized. When patients consent to participating, most patient and injury characteristics can 

be retrieved from the digital patient system. Using an app or link for patients to fill in their missing 

patient characteristics (such as intensity of occupation and hobbies), using digital measurement 

systems for measuring CROs and using ‘lean’ PROs (for example the QuickDASH or PROMIS-

UE v2.0 CAT or 7-item short) adds to diminishing the burden for patients. The database has 

multiple purposes. 

Firstly, patients will be able to gain insight in their own progress during rehabilitation. 

Comparison to outcome reported for comparable patients from the database, puts outcome 

in perspective. For the treating clinician, this information can serve as a tool for transparent 

communication regarding expected outcome. 

 Secondly, the database can function as a quality registration. Annual reports on CROs and PROs 

of the included patients will enable transparency regarding differences in outcome between 

treating clinicians and centers. 

Finally, with multicenter collection of data in the advised database, high quality research is 

possible. For example, calculating MICs of CROs and PROs for specific populations will be 

feasible. There is a need to determine the minimal change in a score that patients consider of 

importance for several outcome measures following hand and wrist injuries. We aim to calculate 

MICs regarding all CROs and PROs mentioned in this thesis for hand and wrist injuries in young 

non-osteoporotic patients.
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Conclusions

We have aimed to put outcomes following hand and wrist injury in young non-osteoporotic 

patients in a clinically relevant perspective. PA had a relatively high prevalence following DRFs 

and progressed over time. Radiological measurements following DRFs evolved over time, but 

probably not with a clinical relevant impact within a follow-up period of five years. Diminished 

flexion/extension and ulnar/radial deviation is present following DRFs and PLD/PLFDs. Grip 

strength is clinically relevantly diminished in patients following PLD/PLFDs, but not in patients 

following DRFs. Associations between the presence of PA and diminished range of motion 

and diminished outcome on several PROs were present. Residual articular incongruency was 

associated with PA, diminished range of motion and possibly with diminished health status. 

Therefore, residual articular inconguence needs to be minimized by adequate reduction and 

(surgical) stabilization of DRFs to diminish the risk of development of PA in these young non-

osteoporotic patients. Reported reference measurements do not seem to withhold clinical 

relevant thresholds. We suggest that measurements of the uninjured hand or wrist could be 

used to correct for anatomical variation. We conclude that the translated versions of the DASH, 

PRWE and PROMIS-UE v2.0 item bank have been adequately validated for Dutch patients with 

hand and wrist injuries. For clinical practice, we advise to use a ‘lean’ version of a core set of 

outcome measures; flexion/extension, ulnar/radial deviation and either the DASH or PRWE. In 

the future, after calculation of MICs, the PROMIS-UE v2.0 seems a promising tool to incorporate 

in this core set. We aim to validate the Dutch translated versions of the MHQ and SF-36 and 

to report on MICs for the DASH, QuickDASH, PRWE, MHQ, SF-36 and 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.



238

Chapter 9

REFERENCES 

1. Knirk JL, Jupiter JB. Intra-articular fractures 

of the distal end of the radius in young adults. J 

Bone Joint Surg Am 1986 Jun;68(5):647-659.

2. Goldfarb CA, Rudzki JR, Catalano LW, Hughes 

M, Borrelli J,Jr. Fifteen-year outcome of 

displaced intra-articular fractures of the distal 

radius. J Hand Surg Am 2006 Apr;31(4):633-

639.

3. Forward DP, Davis TR, Sithole JS. Do young 

patients with malunited fractures of the distal 

radius inevitably develop symptomatic post-

traumatic osteoarthritis? J Bone Joint Surg Br 

2008 May;90(5):629-637.

4. G i a n n o u d i s  P V,  Tz i o u p i s  C , 

Papathanassopoulos A, Obakponovwe O, 

Roberts C. Articular step-off and risk of post-

traumatic osteoarthritis. Evidence today. 

Injury 2010 Oct;41(10):986-995.

5. Buckwalter JA, Martin J, Mankin HJ. Synovial 

joint degeneration and the syndrome 

of osteoarthritis. Instr Course Lect 

2000;49:481-489.

6. Martin JA, Buckwalter JA. Roles of articular 

cartilage aging and chondrocyte senescence 

in the pathogenesis of osteoarthritis. Iowa 

Orthop J 2001;21:1-7.

7. McDevitt CA, Muir H. Biochemical changes in 

the cartilage of the knee in experimental and 

natural osteoarthritis in the dog. J Bone Joint 

Surg Br 1976 Feb;58(1):94-101.

8. Stevenson I, Carnegie CA, Christie EM, 

Kumar K, Johnstone AJ. Displaced distal radial 

fractures treated using volar locking plates: 

maintenance of normal anatomy. J Trauma 

2009 Sep;67(3):612-616.

9. Buckwalter JA, Brown TD. Joint injury, repair, 

and remodeling: roles in post-traumatic 

osteoarthritis. Clin Orthop Relat Res 2004 

Jun;(423)(423):7-16.

10. Fernandez JJ, Gruen GS, Herndon JH. 

Outcome of distal radius fractures using the 

short form 36 health survey. CLIN ORTHOP 

RELAT RES 1997(341):36-41.

11. Strange-Vognsen H. Intraarticular fractures of 

the distal end of the radius in young adults: A 

16 (2-26) year follow-up of 42 patients. Acta 

Orthop Scand 1991;62(6):527-530.

12. Catalano LW,3rd, Cole RJ, Gelberman RH, 

Evanoff BA, Gilula LA, Borrelli J,Jr. Displaced 

intra-articular fractures of the distal aspect of 

the radius. Long-term results in young adults 

after open reduction and internal fixation. J 

Bone Joint Surg Am 1997 Sep;79(9):1290-

1302.

13. Doi K, Hattori Y, Otsuka K, Abe Y, Yamamoto 

H. Intra-articular fractures of the distal 

aspect of the radius: arthroscopically assisted 

reduction compared with open reduction and 

internal fixation. J Bone Joint Surg Am 1999 

Aug;81(8):1093-1110.

14. Lutz M, Arora R, Krappinger D, Wambacher 

M, Rieger M, Pechlaner S. Arthritis predicting 

factors in distal intraarticular radius 

fractures. Arch Orthop Trauma Surg 2011 

Aug;131(8):1121-1126.

15. Fitoussi F, Ip WY, Chow SP. Treatment of 

displaced intra-articular fractures of the 

distal end of the radius with plates. J BONE 

JT SURG SER A 1997;79(9):1303-1312.

16. Handoll HHG, Watts AC. Internal fixation and 

comparisons of different fixation methods 

for treating distal radial fractures in adults. 

Cochrane Database Syst Rev 2008(1).

17. MacIntyre NJ, Dewan N. Epidemiology of 

distal radius fractures and factors predicting 

risk and prognosis. J Hand Ther 2016 Apr-

Jun;29(2):136-145.

18. Gradl G, Pillukat T, Fuchsberger T, Knobe 

M, Ring D, Prommersberger KJ. The 

functional outcome of acute scapholunate 

ligament repair in patients with intraarticular 

distal radius fractures treated by internal 

fixation. Arch Orthop Trauma Surg 2013 

Sep;133(9):1281-1287.

19. Swart E, Tang P. The Effect of Ligament 

Injuries on Outcomes of Operatively Treated 



General discussion, future perspectives and conclusions

239

09

Distal Radius Fractures. Am J Orthop (Belle 

Mead NJ) 2017 Jan/Feb;46(1):E41-E46.

20. Forward DP, Lindau TR, Melsom DS. 

Intercarpal ligament injuries associated with 

fractures of the distal part of the radius. J 

Bone Joint Surg Am 2007 Nov;89(11):2334-

2340.

21. Lindau T, Arner M, Hagberg L. Intraarticular 

lesions in distal fractures of the radius in young 

adults. A descriptive arthroscopic study in 50 

patients. J Hand Surg Br 1997 Oct;22(5):638-

643.

22. Gunal I, Ozaksoy D, Altay T, Satoglu IS, 

Kazimoglu C, Sener M. Scapholunate 

dissociation associated with distal radius 

fractures. Eur J Orthop Surg Traumatol 2013 

Dec;23(8):877-881.

23. Mayfield JK, Johnson RP, Kilcoyne RK. Carpal 

dislocations: pathomechanics and progressive 

perilunar instability. J Hand Surg Am 1980 

May;5(3):226-241.

24. Mayfield JK. Wrist ligamentous anatomy and 

pathogenesis of carpal instability. Orthop Clin 

North Am 1984 Apr;15(2):209-216.

25. Ozkan S, Korteweg JJ, Bloemers FW, 

DiGiovanni NC, Mudgal CS. Radiographic 

Diagnosis of Scapholunate Diastasis in Distal 

Radius Fractures: Implications for Surgical 

Practice. J Wrist Surg 2018 Sep;7(4):312-

318.

26. Mrkonjic A, Lindau T, Geijer M, Tagil M. 

Arthroscopically diagnosed scapholunate 

ligament injuries associated with distal radial 

fractures: a 13- to 15-year follow-up. J Hand 

Surg Am 2015 Jun;40(6):1077-1082.

27. Watson HK, Ashmead D,4th, Makhlouf MV. 

Examination of the scaphoid. J Hand Surg Am 

1988 Sep;13(5):657-660.

28. Lee SK, Model Z, Desai H, Hsu P, Paksima 

N, Dhaliwal G. Association of lesions of the 

scapholunate interval with arthroscopic 

grading of scapholunate instability via the 

geissler classification. J Hand Surg Am 2015 

Jun;40(6):1083-1087.

29. Lindau T. Arthroscopic treatment of distal radius 

fracture. Chir Main 2006;25:S161-S170.

30. Kwok IH, Leung F, Yuen G. Assessing results 

after distal radius fracture treatment: a 

comparison of objective and subjective 

tools. Geriatr Orthop Surg Rehabil 2011 

Jul;2(4):155-160.

31. Watson NJ, Asadollahi S, Parrish F, Ridgway J, 

Tran P, Keating JL. Reliability of radiographic 

measurements for acute distal radius 

fractures. BMC Med Imaging 2016 Jul 

22;16(1):44-016-0147-7.

32. Lindau T, Hagberg L, Adlercreutz C, Jonsson 

K, Aspenberg P. Distal radioulnar instability 

is an independent worsening factor in distal 

radial fractures. Clin Orthop Relat Res 2000 

Jul;(376)(376):229-235.

33. Lutz M, Arora R, Smekal V, Krappinger D, 

Gschwentner M, Rieger M, et al. Long-term 

results following ORIF of dorsal dislocated 

distal intraarticular radius fractures. Handchir 

Mikrochir Plast Chir 2007 Feb;39(1):54-59.

34. Bolmers A, Luiten WE, Doornberg JN, 

Brouwer KM, Goslings JC, Ring D, et al. A 

comparison of the long-term outcome of 

partial articular (AO Type B) and complete 

articular (AO Type C) distal radius fractures. 

J Hand Surg Am 2013 Apr;38(4):753-759.

35. Espen D. Combined palmar and dorsal 

approach for complex distal radius fractures. 

Handchir Mikrochir Plast Chir 2003 

Jan;35(1):22-30.

36. Foldhazy Z, Tornkvist H, Elmstedt E, 

Andersson G, Hagsten B, Ahrengart L. Long-

term outcome of nonsurgically treated distal 

radius fractures. J Hand Surg Am 2007 

Nov;32(9):1374-1384.

37. Ring D, Prommersberger K, Jupiter JB. 

Combined dorsal and volar plate fixation 

of complex fractures of the distal part of 

the radius. J Bone Joint Surg Am 2004 

Aug;86-A(8):1646-1652.

38. Sharma H, Khare GN, Singh S, Ramaswamy 

AG, Kumaraswamy V, Singh AK. Outcomes 

and complications of fractures of distal 

radius (AO type B and C): volar plating versus 

nonoperative treatment. J Orthop Sci 2014 

Jul;19(4):537-544.



240

Chapter 9

39. Beyermann K, Prommersberger K-. 

Reconstruction of comminuted distal radius 

fractures using a combined dorsal and palmar 

approach. Handchir Mikrochir Plast Chir 

2000;32(6):404-410.

40. Jupiter JB, Lipton H. The operative treatment 

of intraarticular fractures of the distal radius. 

Clin Orthop Relat Res 1993 Jul;(292)(292):48-

61.

41. Karagiannopoulos C, Sitler M, Michlovitz S, 

Tucker C, Tierney R. Responsiveness of the 

active wrist joint position sense test after distal 

radius fracture intervention. J Hand Ther 2016 

Oct - Dec;29(4):474-482.

42. Leong DP, Teo KK, Rangarajan S, Lopez-

Jaramillo P, Avezum A,Jr, Orlandini A, 

et al. Prognostic value of grip strength: 

findings from the Prospective Urban Rural 

Epidemiology (PURE) study. Lancet 2015 Jul 

18;386(9990):266-273.

43. Franchignoni F, Vercelli S, Giordano A, Sartorio 

F, Bravini E, Ferriero G. Minimal clinically 

important difference of the disabilities 

of the arm, shoulder and hand outcome 

measure (DASH) and its shortened version 

(QuickDASH). J Orthop Sports Phys Ther 2014 

Jan;44(1):30-39.

44. Walenkamp MM, de Muinck Keizer RJ, Goslings 

JC, Vos LM, Rosenwasser MP, Schep NW. The 

Minimum Clinically Important Difference of 

the Patient-rated Wrist Evaluation Score for 

Patients With Distal Radius Fractures. Clin 

Orthop Relat Res 2015 Oct;473(10):3235-

3241.

45. El Moumni M, Van Eck ME, Wendt KW, Reininga 

IH, Mokkink LB. Structural Validity of the Dutch 

Version of the Patient-Rated Wrist Evaluation 

(PRWE-NL) in Patients With Hand and Wrist 

Injuries. Phys Ther 2016 Jun;96(6):908-916.

46. Neidenbach P, Audige L, Wilhelmi-Mock M, 

Hanson B, De Boer P. The efficacy of closed 

reduction in displaced distal radius fractures. 

Injury 2010 Jun;41(6):592-598.

47. Fernandez DL. Fractures of the distal radius: 

operative treatment. Instr Course Lect 

1993;42:73-88.

48. Brink PRG, Bransz N, Deijkers RLM, van 

Eerten PV, Kolkman S, van Loon J, et al. 

Richtlijn distale radius fracturen: diagnostiek 

en behandeling. : Nederlandse Vereniging 

voor Heelkunde; 2010.

49. Rikli DA, Regazzoni P. Fractures of the distal 

end of the radius treated by internal fixation 

and early function. A preliminary report 

of 20 cases. J Bone Joint Surg Br 1996 

Jul;78(4):588-592.

50. Brink PR, Rikli DA. Four-Corner Concept: 

CT-Based Assessment of Fracture Patterns 

in Distal Radius. J Wrist Surg 2016 

May;5(2):147-151.

51. Rikli DA, Honigmann P, Babst R, Cristalli A, 

Morlock MM, Mittlmeier T. Intra-articular 

pressure measurement in the radioulnocarpal 

joint using a novel sensor: in vitro and in vivo 

results. J Hand Surg Am 2007 Jan;32(1):67-

75.

52. Stender ME, Carpenter RD, Regueiro RA, 

Ferguson VL. An evolutionary model of 

osteoarthritis including articular cartilage 

damage, and bone remodeling in a 

computational study. J Biomech 2016 Oct 

3;49(14):3502-3508.

53. Llinas A, McKellop HA, Marshall GJ, Sharpe 

F, Kirchen M, Sarmiento A. Healing and 

remodeling of articular incongruities in a 

rabbit fracture model. J Bone Joint Surg Am 

1993 Oct;75(10):1508-1523.

54. Odgren PR, Witwicka H, Reyes-Gutierrez P. 

The cast of clasts: catabolism and vascular 

invasion during bone growth, repair, and 

disease by osteoclasts, chondroclasts, and 

septoclasts. Connect Tissue Res 2016 

May;57(3):161-174.

55. Schindeler A, McDonald MM, Bokko P, Little 

DG. Bone remodeling during fracture repair: 

The cellular picture. Semin Cell Dev Biol 2008 

Oct;19(5):459-466.

56. Altissimi M, Antenucci R, Fiacca C, Mancini 

GB. Long-term results of conservative 

treatment of fractures of the distal radius. Clin 

Orthop Relat Res 1986 May;(206)(206):202-

210.



General discussion, future perspectives and conclusions

241

09

57. Metz VM, Gilula LA. Imaging techniques for 

distal radius fractures and related injuries. 

Orthop Clin North Am 1993 Apr;24(2):217-

228.

58. Friberg S, Lundstrom B. Radiographic 

measurements of the radio-carpal joint in 

normal adults. Acta Radiol Diagn (Stockh) 

1976 Mar;17(2):249-256.

59. Schuind FA, Linscheid RL, An KN, Chao 

EY. A normal data base of posteroanterior 

roentgenographic measurements of the wrist. 

J Bone Joint Surg Am 1992 Oct;74(9):1418-

1429.

60. Solgaard S. Angle of inclination of the articular 

surface of the distal radius. Radiologe 1984 

Jul;24(7):346-348.

61. Palmer AK, Glisson RR, Werner FW. Ulnar 

variance determination. J Hand Surg Am 1982 

Jul;7(4):376-379.

62. Said J, Baker K, Fernandez L, Komatsu DE, 

Gould E, Hurst LC. The Optimal Location 

to Measure Scapholunate Diastasis on 

Screening Radiographs. Hand (N Y) 2018 

Nov;13(6):671-677.

63. Wijffels M, Brink P, Schipper I. Clinical and 

non-clinical aspects of distal radioulnar joint 

instability. Open Orthop J 2012;6:204-210.

64. Nakamura R, Horii E, Imaeda T, Tsunoda K, 

Nakao E. Distal radioulnar joint subluxation 

and dislocation diagnosed by standard 

roentgenography. Skeletal Radiol 1995 

Feb;24(2):91-94.

65. Mulders MAM, Detering R, Rikli DA, 

Rosenwasser MP, Goslings JC, Schep 

NWL. Association Between Radiological 

and Patient-Reported Outcome in Adults 

With a Displaced Distal Radius Fracture: A 

Systematic Review and Meta-Analysis. J Hand 

Surg Am 2018 Aug;43(8):710-719.e5.

66. Grewal R, MacDermid JC. The risk of adverse 

outcomes in extra-articular distal radius 

fractures is increased with malalignment 

in patients of all ages but mitigated in 

older patients. J Hand Surg Am 2007 

Sep;32(7):962-970.

67. Kumar S, Penematsa S, Sadri M, Deshmukh 

SC. Can radiological results be surrogate 

markers of functional outcome in distal radial 

extra-articular fractures? Int Orthop 2008 

Aug;32(4):505-509.

68. Da Fonseca K, Grossterlinden L, Rueger JM. 

Clinical findings and treatment of perilunar 

dislocations and dislocation fractures. 

Unfallchirurg 2012 Jul;115(7):576-581.

69. Forli A, Courvoisier A, Wimsey S, Corcella 

D, Moutet F. Perilunate dislocations 

and transscaphoid perilunate fracture-

dislocations: a retrospective study with 

minimum ten-year follow-up. J Hand Surg Am 

2010 Jan;35(1):62-68.

70. Laporte M, Michot A, Choughri H, Abi-Chahla 

ML, Pelissier P. Perilunate dislocations and 

fracture-dislocations of the wrist, a review of 

17 cases. Chir Main 2012 Apr;31(2):62-70.

71. Trumble TE, Schmitt SR, Vedder NB. Factors 

affecting functional outcome of displaced 

intra-articular distal radius fractures. J Hand 

Surg Am 1994 Mar;19(2):325-340.

72. Batra S, Gupta A. The effect of fracture-

related factors on the functional outcome at 

1 year in distal radius fractures. Injury 2002 

Jul;33(6):499-502.

73. Fernandez DL. Radial osteotomy and Bowers 

arthroplasty for malunited fractures of the 

distal end of the radius. J Bone Joint Surg Am 

1988 Dec;70(10):1538-1551.

74. Geissler WB, Fernandez DL, Lamey DM. 

Distal radioulnar joint injuries associated 

with fractures of the distal radius. Clin Orthop 

Relat Res 1996 Jun;(327)(327):135-146.

75. Crisco JJ, Moore DC, Marai GE, Laidlaw DH, 

Akelman E, Weiss AP, et al. Effects of distal 

radius malunion on distal radioulnar joint 

mechanics--an in vivo study. J Orthop Res 

2007 Apr;25(4):547-555.

76. Werner FW, Murphy DJ, Palmer AK. 

Pressures in the distal radioulnar joint: effect 

of surgical procedures used for Kienbock’s 

disease. J Orthop Res 1989;7(3):445-450.

77. Werner FW, Palmer AK, Fortino MD, Short 

WH. Force transmission through the distal 



242

Chapter 9

ulna: effect of ulnar variance, lunate fossa 

angulation, and radial and palmar tilt of 

the distal radius. J Hand Surg Am 1992 

May;17(3):423-428.

78. Kim JK, Park MG, Shin SJ. What is the 

minimum clinically important difference in 

grip strength? Clin Orthop Relat Res 2014 

Aug;472(8):2536-2541.

79. Lameijer CM, Niezen CK, El Moumni M, van 

der Sluis CK. Pain, impaired functioning, poor 

satisfaction and diminished health status 

eight years following perilunate (fracture) 

dislocations. Disabil Rehabil 2018 Nov 19:1-

8.

80. Waljee JF, Ladd A, MacDermid JC, Rozental 

TD, Wolfe SW, Distal Radius Outcomes 

Consortium. A Unified Approach to Outcomes 

Assessment for Distal Radius Fractures. J 

Hand Surg Am 2016 Apr;41(4):565-573.

81. Goldhahn J, Beaton D, Ladd A, Macdermid J, 

Hoang-Kim A, Distal Radius Working Group of 

the International Society for Fracture Repair 

(ISFR), et al. Recommendation for measuring 

clinical outcome in distal radius fractures: a 

core set of domains for standardized reporting 

in clinical practice and research. Arch Orthop 

Trauma Surg 2014 Feb;134(2):197-205.

82. Baltzer H, Novak CB, McCabe SJ. A scoping 

review of disabilities of the arm, shoulder, and 

hand scores for hand and wrist conditions. J 

Hand Surg Am 2014 Dec;39(12):2472-2480.

83. Beaton DE, Katz JN, Fossel AH, Wright JG, 

Tarasuk V, Bombardier C. Measuring the 

whole or the parts? Validity, reliability, and 

responsiveness of the Disabilities of the 

Arm, Shoulder and Hand outcome measure 

in different regions of the upper extremity. J 

Hand Ther 2001 Apr-Jun;14(2):128-146.

84. MacDermid JC, Turgeon T, Richards RS, 

Beadle M, Roth JH. Patient rating of wrist 

pain and disability: a reliable and valid 

measurement tool. J Orthop Trauma 1998 

Nov-Dec;12(8):577-586.

85. Iordens GIT, Den Hartog D, Tuinebreijer WE, 

Eygendaal D, Schep NWL, Verhofstad MHJ, 

et al. Minimal important change and other 

measurement properties of the Oxford Elbow 

Score and the Quick Disabilities of the Arm, 

Shoulder, and Hand in patients with a simple 

elbow dislocation; validation study alongside 

the multicenter FuncSiE trial. PLoS One 2017 

Sep 8;12(9):e0182557.

86. Aaronson NK, Muller M, Cohen PD, Essink-

Bot ML, Fekkes M, Sanderman R, et al. 

Translation, validation, and norming of 

the Dutch language version of the SF-36 

Health Survey in community and chronic 

disease populations. J Clin Epidemiol 1998 

Nov;51(11):1055-1068.

87. Beckmann JT, Hung M, Voss MW, Crum AB, 

Bounsanga J, Tyser AR. Evaluation of the 

Patient-Reported Outcomes Measurement 

Information System Upper Extremity 

Computer Adaptive Test. J Hand Surg Am 

2016 Jul;41(7):739-744.e4.

88. Hung M, Voss MW, Bounsanga J, Crum AB, 

Tyser AR. Examination of the PROMIS upper 

extremity item bank. J Hand Ther 2016 Dec 2.

89. Terwee CB, Roorda LD, Dekker J, Bierma-

Zeinstra SM, Peat G, Jordan KP, et al. Mind 

the MIC: large variation among populations 

and methods. J Clin Epidemiol 2010 

May;63(5):524-534.

90. Shauver MJ, Chung KC. The minimal clinically 

important difference of the Michigan hand 

outcomes questionnaire. J Hand Surg Am 

2009 Mar;34(3):509-514.






	Chapter 9



