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ABSTRACT

Objective: We aimed to define minimal clinically important difference (MCID) values of patient-reported outcome measures (PROMs) for
distal metaphyseal ulnar shortening and to assess the relationship between level of the osteotomy and time to bone union.

Methods: 20 patients who had distal metaphyseal ulnar shortening osteotomies due to ulnar impaction syndrome and had at least 6
months of follow-ups were included in this study. The mean follow-up period was 12.3 + 7.01 months. The PROMs which consisted of
patient-rated wrist evaluation (PRWE) and quick disabilities of arm, shoulder, and hand (QDASH) were recorded on the day before the
surgery and at follow-up assessments. Grip strength and range of motion were recorded for operated and contralateral wrists at postopera-
tive assessments. Postoperative radiological evaluations of distance of the osteotomy from the distal ulnar articular surface (osteotomy
level), the union of osteotomy site; preoperative and postoperative evaluations of styloid-triquetral distance, and ulnar variance were
performed using AP wrist x-rays. The MCID values for PRWE and QDASH were calculated using ROC curve analysis.

Results: Mean PRWE and QDASH scores decreased statistically significantly. The mean grip strength of contralateral wrists was higher.
Mean ulnar variance decreased, whereas styloid-triquetral distance increased postoperatively. Patients with osteotomy levels of greater
than 13.7 mm had a longer time from surgery to bone union. Furthermore, patients with time from surgery to bone union shorter than
7 weeks had an osteotomy closer to the ulnar articular surface. The MCID values for PRWE and QDASH were analyzed and calculated
through the ROC curve as 22.25 and 20.45, respectively.

Conclusion: This study has shown us that the osteotomy level affects the time to bone union and an osteotomy closer than 13.7 mm to the
ulnar articular surface seems to result in shorter union time. Furthermore, MCID values were defined for PRWE and QDASH as 22.25

and 20.45, respectively.

Level of Evidence: Level 1V, Therapeutic Study.

Introduction

Ulnocarpal abutment syndrome, also known as
ulnar impaction syndrome, is a common cause of
ulnar-sided wrist pain. The presence of positive
ulnar variance is thought to be the main pathology.
Ulnar shortening osteotomy surgery has been proven
to benefit patients who have refractory symptoms
despite conservative treatment. Greenberg et al? in
2013 demonstrated in a cadaver study that distal
metaphyseal ulnar shortening osteotomy was an
effective method in reducing the load on the ulnocar-
pal joint. Furthermore, compared to the diaphyseal
ulnar shortening osteotomy and the Wafer proce-
dure, the potential for faster healing makes this tech-
nique preferable.’?

In 2013, Kim et al* defined minimal clinically impor-
tant difference (MCID) scores for patientreported
outcome measures (PROMs) in patients treated with
diaphyseal ulnar shortening. However, MCID scores
for PROMs in patients treated with distal metaphyseal
ulnar shortening have not been researched. Moreover,

the relationship between the osteotomy level and the
time from surgery to bone union is uncertain.

In this study, we aimed to define MCID values for
PROMs in patients treated with distal metaphyseal
ulnar shortening. Secondly, we wanted to determine
the relationship between the level of the osteotomy
and the time from surgery to bone union. We hypoth-
esized that there would be higher cutoff values for
MCID than previously described, and the metaphy-
seal osteotomy would shorten the time to bone union.

Materials and methods

In this retrospective, single-center study, patients
who were diagnosed with ulnar impaction syndrome
and had distal metaphyseal ulnar shortening per-
formed between January 2012 and January 2022 were
assessed. This study was approved by the ethics com-
mittee of the Dokuz Eyliil University Hospital, and
informed consent was obtained from all patients. The
file number is 7017-GOA, and the approval number is
2022/10-12.
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A total of 87 patients were identified using the hospital’s digital
archive. Patients with prior wrist surgery, follow-up periods of under
6 months, a history of wrist fracture, ulnar styloid length of >6 mm,
distal radioulnar joint (DRUJ) osteoarthritis, and DRU]J subluxation
or instability were excluded from the study. After applying the exclu-
sion criteria, 20 patients (6 male and 14 female) were included in
this study. The mean age of the patients was 45.55 + 10.36 years and
the mean follow-up period was 12.3 + 7.01 months. A kerf correction
(a bone loss that arises during cutting of the bone) was performed
to prevent bias. It is usually considered as 1.5 times the saw blade
thickness but may vary according to teeth size and shape.® The saw
blade used in this experiment was 0.5 mm thick. Thus, a 0.75mm of
kerf was used. The patients with osteotomy levels that were within
the kerf correction of 13.7 mm were excluded from the time to bone
union assessment (2 patients).

Radiological parameters such as the level of the osteotomy (Figure 1),
time from surgery to the union of the osteotomy site, preoperative and
postoperative measurements of styloid-triquetral distance (Figure 2),
and ulnar variance (Figure 3) were evaluated on AP wrist x-rays.
The level of the osteotomy was measured as the distance from the
radial cortex of the osteotomy to the level of the joint surface of the
ulna. Styloid-triquetral distance was defined as the vertical distance
between the horizontal line drawn from the most proximal point of
the triquetrum and the most distal point of the ulnar styloid. For ulnar
variance, the vertical distance between the horizontal line drawn
from the lunate fossa and the horizontal line drawn from the distal
ulnar joint surface was measured. Radiological measurements were
performed separately twice, 1 month apart, by an orthopedic surgeon
and a Professor of Radiology. High interobserver (ICCl[intraclass cor-
relation coefficient]:0.87) and intraobserver (ICC:0.88) reliability was
demonstrated.

Patient-reported outcomes, which included patient-rated wrist evalu-
ation (PRWE) ® and Q DASH’ were collected by direct contact with
the patients. Patient-rated wrist evaluation is a 15-item questionnaire
designed to measure wrist pain and disability in activities of daily liv-
ing, and quick disabilities of arm, shoulder, and hand (QDASH) is an
11-item questionnaire that measures an individual’s ability to com-
plete tasks, absorb forces, and the severity of symptoms. These were
recorded on the day before the surgery and at follow-up assessments.

MCID was assessed by asking patients about the current state of
their wrists after surgery. Four anchor responses were determined
to find out if patients had benefited from the treatment: if the patient
answered “better” or “very good,” they were noted as having bene-
fited; if they gave “same” or “worse” answers, they were classified as
not having benefited. Using these answers, receiver operating char-
acteristics curve (ROC) analysis was performed by evaluating the
diagnostic sensitivity and specificity of PRWE and QDASH scores,
and MCID values were calculated separately for both scorings.

HIGHLIGHTS

Ulnar impaction syndrome is one of the most common causes of ulnar-sided
wrist pain, and the presence of positive ulnar variance is thought to be the
main pathology causing this condition.

Osteotomy level affects the time to bone union, and an osteotomy closer than
13.7 mm to the ulnar articular surface appears to result in a shorter union
time.

*  Minimal clinically important difference values were defined as 22.25 and
20.45 for Patient Rated Wrist Evaluation and QDASH, respectively.

Figure 1. Level of the osteotomy: the distance from the radial cortex of the
osteotomy to the level of the joint surface of the ulna.

Grip strength and wrist range of motion were also parameters that
were evaluated. Grip strength was measured on the affected and
contralateral hand with a hydraulic dynamometer at follow-up

Figure 2. Styloid-triquetral distance: the vertical distance between the horizontal
line drawn from the most proximal point of the triquetrum and the most distal point
of the ulna styloid.
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Figure 3. Ulnar variance: the vertical distance between the horizontal line drawn from the lunate fossa and the horizontal line drawn from the distal ulnar joint surface

(left: preoperative; right: postoperative).

assessments. Range of motion (ROM), which consisted of flexion,
extension, ulnar deviation, supination, and pronation, was measured
bilaterally with the use of a goniometer at postoperative follow-up
assessments. The comparison of these measurements was made not
as a preoperative and postoperative comparison of the same side but
as a comparison of measurements between postoperative wrists and
contralateral healthy wrists.

We assessed bone union using 2 criteria: radiological closure of the
osteotomy on wrist AP x-ray and cessation of pain on palpation at the
site of the osteotomy. The time when both of these criteria were met
was noted as the bone union time. Computerized tomography was
not implemented in assessing bone union because of the added radia-
tion exposure and also because there was no clinical or radiological
doubt of bone union.

Statistical analysis

Statistical analyses were performed using the Statistical Package for
the Social Sciences Statistics software for Mac version 26.0 (IBM
SPSS Corp.; Armonk, NY, USA). The conformity of the variables for
normal distribution was examined using visual (histogram and prob-
ability graphs) and analytical methods (Kolmogorov-Smirnov/Shapi
ro-Wilk tests). Independent groups t-Test was used for 2 independent
groups with a normal distribution, One way analysis of variance was
used for more than 2 groups, and paired t-test was used for 2 depen-
dent groups. Pearson Correlation was used for the numerical data
that fit the normal distribution, and Spearman correlation was used
for the data that did not fit the normal distribution. ROC curve analy-
sis was performed for diagnostic decision-making features in predict-
ing patient recovery. For statistical significance, the type 1 error level
was accepted to be less than 5%.

Surgical technique

A longitudinal incision is made from the head of the ulna to 5 cm
proximally over the fifth dorsal compartment. The fifth extensor
compartment is visualized and the extensor digiti minimi tendon is
retracted radially. An inverted L-shaped capsulotomy is performed.
The dorsal and distal parts of the ulnar head are fully exposed.
The area of the distal ulnar metaphyseal osteotomy is adequately
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visualized. After the trajectory and localization of the osteotomy are
determined, it is marked using a sterile marker. The drawn line is
cut in a wedge-like manner with the aid of a microsagittal saw with-
out disrupting the distal ulnar articular surface and the triangular
fibrocartilage complex. At this point, it should be ensured that the
metaphyseal osteotomy does not exceed more than two-thirds of
the width of the ulna. Using a bone reduction clamp, the osteotomy
site is reduced. A K-wire is advanced proximally from the ulna head
perpendicular to the osteotomy toward the proximal contralateral
cortex. Reduction and placement of k-wires are checked under fluo-
roscopy, and a headless cannulated compression screw is applied.

- =

Figure 4. Illustration demonstrating the measurement and marking of the amount
of resection at the osteotomy site.
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Figure 5. Illustration demonstrating the reduction after the osteotomy was
performed.

After a close examination of the TFCC and checking for instability,
the joint capsule is repaired (Figure 4 and 5).

Physical rehabilitation

Patients’ wrists were immobilized with a cast for 1 week postopera-
tively. Between the seventh and tenth days after the surgery, remov-
able wrist splints were given to the patients and the rehabilitation
program was started with active and passive ROM exercises. During
this period, patients were allowed extension-flexion exercises, but
supination-pronation exercises were restricted. Between 6 and 8
weeks postoperatively, after radiological closure of the osteotomy
and cessation of pain on palpation at the site of the osteotomy, the
use of the splint was discontinued, and patients were allowed to use
their wrists without any restriction.

Results

The affected wrists’ mean ROM values were 63.3° flexion, 63.5°
extension, 17.15° radial deviation, 34° ulnar deviation, 66.35°
supination, and 75.9° pronation. Moreover, the contralateral wrist
exhibited mean ROM values of 64.05° flexion, 63.6° extension, 17.3°
radial deviation, 37.3° ulnar deviation, 68.2° supination, and 79.2°
pronation. The ROM values of operated wrists were found to be
smaller in all ranges of motion. However, these differences were not
statistically significant (P > .05) (Table 1).

The mean grip strength of the affected wrists postoperatively
was 23.9 kg, while the contralateral wrists’ mean grip strength
was measured as 31.3 kg. Grip strength was less on the operated

Table 1. Range of motion evaluation

Group Mean +SD P
Flexion (°) Operated wrist 63.3 5.43 .710
Contralateral wrist 64.05 7.134
Extension (°) Operated wrist 63.5 4.161 .947
Contralateral wrist 63.6 5,305
Radial Deviation (°) ~ Operated wrist 17.15 1.981 .813
Contralateral wrist 17.3 2.003
Ulnar Deviation (°) Operated wrist 34 5.921 .097
Contralateral wrist 37.3 6.342
Supination (°) Operated wrist 66.35 7.365 519
Contralateral wrist 68.2 10.37
Pronation (°) Operated wrist 75.9 4.471 .065
Contralateral wrist 79.2 6.354
Table 2. Grip strength evaluation
Group Mean +SD 14
Grip Strength (kg) ~ Operated wrist 23.90 7.15 .007
Contralateral wrist 31.30 8.99

side compared to the contralateral side. Moreover, this difference
in grip strength was found to be statistically significant (P=.007)
(Table 2).

Mean PRWE and QDASH scores decreased from preoperative values
of 72.2 and 68.8 to postoperative values of 22.2 and 24.09, respec-
tively. These changes were found to be statistically significant (P <
.001 and P <.001, respectively) (Table 3).

Mean ulnar variance decreased from a preoperative value of 3.115-
0.16 mm postoperatively. However, the mean styloid-triquetral
distance increased from a preoperative value of 1.455-3.24 mm post-
operatively. There was a statistically significant decrease in the mean
ulnar variance and a statistically significant increase in the mean sty-
loid-triquetral distance reported postoperatively (P < .001, P < .001,
respectively) (Table 4). In addition, we found a weak positive correla-
tion between ulnar variance and styloid-triquetral distance, but this
relationship was not statistically significant (P=.292).

With regard to the level of osteotomy, the median osteotomy level
of 13.7 mm was used and kerf correction was applied. Two patients
were excluded due to the kerf correction. Therefore, the patients
were divided into 2 equal-sized groups: those with osteotomy lev-
els less than 13.7 mm (n=9) and those with levels greater than 13.7
mm (n=9). Patients with an osteotomy level of less than 13.7 mm
had a mean time to bone union of 5.33 weeks, whereas those whose

Table 3. Patient-rated rrist evaluation and quick disabilities of arm, shoulder, and
hand score evaluation

Mean +SD p
PRWE Preoperative 72.20 16.79 <.001
Postoperative 22.20 13.27
QDASH Preoperative 68.87 19.69 <.001
Postoperative 24.09 21.25

PRWE, Patient-Rated Wrist Evaluation; QDASH, quick disabilities of arm, shoulder, and hand.

Table 4. Evaluation of ulnar variance and stilotriquetral distance

Mean +SD I3
Ulnar variance Preoperative 3.115 mm  1.462 <.001
Postoperative 0.160 mm  1.369
tyloid-triquetral distance Preoperative 1.455 mm  1.988 <.001
Postoperative 3.240 mm  2.146
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Table 5. Relationship between level of osteotomy and time to bone union

Level of the osteotomy N Mean +SD P
<13.7 mm 9 5.33 0.99 .001
>13.7 mm 9 11.55 4.09607

Time to bone union N Mean +SD P
<7 weeks 9 11.744 0.96968 .001
> 7 weeks 9 15.45 1.56

osteotomy level was greater than 13.7 mm had a mean time to bone
union of 11.55 weeks. An osteotomy level of less than 13.7 mm with
kerf correction leads to a statistically significant decrease in time to
bone union at the site of the osteotomy (P=.001).

Khouri et al® demonstrated bone union was achieved in patients
between 6 and 8 weeks. Regarding bone union time, patients were
divided into 2 equal-sized groups: those who had bone union in less
than 7 weeks (n=9) and those with union taking longer than 7 weeks
(n=9).

Patients with a time to bone union of less than 7 weeks and those
with greater than 7 weeks had a mean osteotomy level of 11.74 mm
and 15.45 mm, respectively. Patients with a time to bone union of less
than 7 weeks had an osteotomy level significantly closer to the distal
ulnar articular surface (P=.001) (Table 5). There were no complica-
tions observed during follow-ups. Complications such as delayed
union or nonunion were not seen.

For MCID, differences in PRWE (P=.001) and QDASH (P=.002)
scores for each response variable were found to be statistically sig-
nificant. MCID values for PRWE and QDASH were analyzed and
calculated through the ROC curve as 22.25 and 20.45, respectively
(Table 6) (Figure 6).

Discussion

There are different methods described in literature for treating ulnar
impaction syndrome such as the wafer procedure and ulna shorten-
ing osteotomies.’ Studies have demonstrated that ulnar shortening
osteotomy is successful in reducing pain and increasing functional
activity in patients with idiopathic ulnar impaction syndrome.'*"!21
There have also been studies comparing clinical outcomes for differ-
ent methods of ulnar shortening. Marquez-Lara et al** reported that
patients treated with distal metaphyseal ulna shortening had better
pain relief and functional results compared to patients treated with
diaphyseal ulna shortening. Studies have also shown that the distal
ulnar metaphyseal shortening procedure has a shorter healing period

compared to the wafer procedure and diaphyseal ulnar shortening,
which makes it the preferable technique.**

In our study, we demonstrated a statistically significant decrease in
the scores of PRWE and QDASH postoperatively (P < .001 and P <
.001, respectively). In the realm of healthcare, a difference may be
statistically significant based on a simple numerical value, yet may at
the same time be of little or no importance to the health or quality of
life of patients afflicted by a certain condition. A clinically important
difference represents a change that would be considered meaningful
and worthwhile by the patient to such an extent that he/she would
consider repeating the intervention if it were his/her choice to make
again. The MCID is a threshold value for such a change. Any amount
of change greater than the MCID threshold is considered to be mean-
ingful or important.’® In 2013, Kim et al defined MCID scores for
PROM'’s in patients who were treated with diaphyseal ulna shorten-
ing.* However, MCID scores for PROM'’s in patients who were treated
with distal metaphyseal ulnar shortening are not defined in current
literature. The MCID value for PRWE was 22.25 and for QDASH it
was 20.45 (Table 6). These values are the only MCID scores reported
for PROM’s in distal metaphyseal ulnar shortening in the literature.
The values described in this study could be used as a reference point
for assessing the success of distal metaphyseal ulnar shortening in
patients with ulnar impaction syndrome.

The level of the osteotomy and its effect on time to bone union is
another area that has not been studied in current literature. We
assessed bone union using 2 criteria: radiological closure of the oste-
otomy on wrist AP x-ray and cessation of pain on palpation at the site
of the osteotomy. Only when both criteria were met was it accepted
as bone union. This study has shown us that as the osteotomy is dis-
talized, closer than 13.7 mm to the ulnar joint surface, the time to
bone union is shorter. Achieving a shorter time to bone union could
lead to a shorter recovery period. Therefore, optimizing the osteot-
omy level by using the values reported in this study could help with a
faster recovery after distal metaphyseal ulnar shortening.

In a study by Kim et al comparing the pre- and post-operative ROM of
the affected wrists, no statistically significant difference was found
in the degree of flexion. However, a statistically significant increase
was found in the extent of extension, supination, and pronation.* In
our study, the comparison of ROM measurements was made not as a
preoperative and postoperative comparison of the same side but as a
comparison of post-operative wrist ROM measurements and contra-
lateral wrist ROM measurements. We found there was no statistically
significant difference in ROM measurements between the operated
and healthy contralateral wrists, from which it could be concluded

Table 6. Minimal clinically important difference values of patient-rated wrist evaluation and quick disabilities of arm, shoulder, and hand scores

AUC (95%) Threshold value P Sensitivity Specificity

PRWE 0.967 (0.892-1) 22.25 .001 85.7 23.1
QDASH 0.896 (0.757-1) 20.45 .004 71.4 15.4
MCID PRWE QDASH

N Mean +SD Mean +SD
Worse 1 54 45.5
Same 6 33.41 9.32 42.03 28.91
Better 5 20.80 3.54 21.82 7.29
Very good 8 10.68 1.90 9.387 2.58
P .001 .002
Values in bold indicate statistical significance.
AUC, area under curve; MCID, minimal clinically important difference; PRWE, patient-rated wrist evaluation; QDASH, quick disabilities of arm, shoulder, and hand.
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Figure 6. Receiver operating characteristic curve analysis curve demonstrating
sensitivity and specificity.

that after surgery the affected wrists’ ROM reached the level of the
contralateral healthy wrists (P > .05).

The main complaint of patients with ulnar impaction syndrome is
weakness and pain, especially while gripping objects.’*'”%19 Grip
strength of the operated wrists and contralateral wrists was mea-
sured at postoperative follow-ups. The comparison of grip strength
was made not as a preoperative and postoperative comparison of
the same side but as a comparison between the affected wrists’ post-
operative grip strength measurements and contralateral wrists’ grip
strength measurements. We found that healthy contralateral wrists
had a statistically significantly higher grip strength compared to the
operated wrists (31.3 kg vs. 23.9 kg, P=.007). Similarly to our study,
Khouri et al® performed a functional comparison between wrists that
underwent distal metaphyseal ulnar shortening osteotomy and con-
tralateral healthy wrists. They also reported that the grip strength
of the operated wrists was statistically significantly less than the
contralateral wrists. Another study, however, demonstrated a 10%
increase in grip strength postoperatively compared to preopera-
tive values.* The lack of preoperative grip strength measurements
of the affected wrists is a limitation of this study. However, PRWE
and QDASH scores improved. These included actions that evalu-
ated grip strength, such as “Turn door knob using my affected hand,”
“Cut meat using a knife in my affected hand,” “Open a tight or new
jar.” Therefore, when the answers given to these questions before
and after the surgery are compared, it is rational that a significant
improvement in grip strength was achieved.

Ulnar impaction syndrome is due to overloading of the distal
ulnocarpal joint and is associated with positive ulnar variance.
Presenting their case series of distal metaphyseal ulnar shortening
surgery, Hildenbrand et al*® reported that they corrected the ulnar
variance from +1.3 mm static and +2 mm dynamic variance to —1.5
mm in their studies. A study by Greenberg et al? from the same sur-
gical team as Hildenbrand, reported the mean correction of ulnar
variance as 2.8 mm. In our study, it was also observed that mean
postoperative ulnar variance (0.16 mm) was significantly reduced
compared to mean preoperative ulnar variance (3.11 mm) (P <.001).
The difference in pre- and postoperative ulnar variance in our study
averaged at 2.95 mm, similar to the differences previously reported
in the literature.>"
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When treating patients with distal ulnar metaphyseal shortening, we
queried whether the styloid-triquetral distance, a measurement of
the ulnar side of the wrist, changed after the radial side of the distal
ulna was shortened. In our study, it was shown that the styloid-tri-
quetral distance was significantly widened after distal metaphyseal
ulnar shortening (1.45 mm vs. 3.24 mm; P < .001). Therefore it can
be concluded that styloid-triquetral impingement is not a limitation
for performing distal metaphyseal shortening osteotomy. In addition,
we found a weak positive correlation between ulnar variance and
styloid-triquetral distance, but this relationship was not statistically
significant (P=.292).

The results of this study have shown us that distal metaphyseal ulnar
shortening osteotomy is a viable treatment method for ulnar impac-
tion syndrome. Furthermore, it was found that the osteotomy level
affects the time to bone union, and an osteotomy closer than 13.7 mm
to the ulnar articular surface result in shorter union time. Finally,
MCID scores for PRWE and QDASH were defined to establish cutoff
values for patients who had distal metaphyseal ulnar shortening for
ulnar impaction syndrome.

The present study has some limitations. It is a retrospective analysis
of a single-center study. The comparison of grip strength and ROM
was not made not as a preoperative and postoperative comparison
of the same side but as a comparison of measurements between
postoperative wrists and contralateral healthy wrists. Healing was
assessed as radiological closure of the osteotomy on wrist x-rays
(independently by an orthopedic surgeon and a professor of radiol-
ogy) and cessation of pain on palpation at the site of the osteotomy
instead of using computerized tomography for documenting bridging
trabeculae.
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